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Description 

Background of the Invention 

s The present invention relates to polyolefin stretch films. In particular, the present invention relates to flexible films 

which may be used as a substitute for polyvinyl chloride) (PVC) flexible films. 

Polyvinyl chloride) is a thermoplastic polymer which has been used extensively for many years to form articles, 
containers and films for industrial, commercial and consumer applications. Plasticized polyvinyl chloride) has been 
used to make flexible films (hereinafter "PVC film") which have enjoyed great commercial success in both nonfood and 

10 food contact applications. In particular, PVC film is in widespread use as a food overwrap, e.g. for fresh fruits and 
vegetables, cheese, sandwiches, food trays and especially for fresh red meats, processed meats and poultry. PVC 
film is also used to package frozen foods, baked goods, fresh fish, as institutional packaging for overwrapping both 
food and such nonfood items as glassware and eating utensils, and as pharmaceutical packaging, pallet wrapping, 
and even as a laminate film for book covers. PVC film is well known for its stretchability, cling, clarity, transparency, 

15 gloss, toughness, machinability, heat sealability, resiliency and low cost. PVC film is used for packaging foods on trays 
in which the film overwraps the food and is generally tacked or sealed to itself at the bottom of the tray by heat. PVC 
film used to package items such as fresh red meat also has the high oxygen permeability needed to develop the bright 
red color that fresh red meat forms when contacted with oxygen. In addition, these overwrapped trays use PVC film 
having excellent elastic recovery from deformations such as those caused by depressing a thumb or finger against an 

20 overwrapped cut of red meat, poultry or ground meat. The properties of PVC film are typically easily modified for 
particular applications by adjusting the film thickness, or the type or amount of plasticizers and additives such as antifog, 
antiblock or slip agents. 

With all of the above advantages, the search for a polyolefin based, thermoplastic, flexible film which may act as 
a substitute or replacement for PVC film has been difficult. No monolayer film having an equivalent or superior com- 

25 bination of properties has been found. Several different polyolefin stretch films have been commercialized to varying 
degrees of success. Multilayer polyolefin films have come the closest to achieving a combination of physical properties 
which approximate those of PVC films. Such polyolefin multilayer films generally sell at a premium above the price of 
PVC film used for similar applications. A market has developed for chlorine-free films having a combination of properties 
similar to PVC film and which may act as a substitute for PVC films in various applications. 

30 There have been prior efforts to identify a polyolefin thermoplastic film having an improved combination of elon- 

gation, elastic memory, heat sealability and puncture resistance. However, most thermoplastic polyolefin film packaging 
materials suitable for food contact have relatively poor combinations of properties particularly with respect to elasticity 
or elastic memory. 

Another important film property for food tray overwrap applications is low permanent deformation, which is a meas- 
35 ure of the film's increase in length after stretching and relaxation. More particularly, the permanent deformation test 
used herein is derived from ASTM D-621 and measures the percent increase in length of a film sample stretched 50% 
and then allowed to recover for 30 seconds. Lower percentage values reflect the greater ability of a film to recover 
after being stretched. In tray overwrap applications, good film recovery preserves package appearance and integrity 
following handling abuse. Perfect elastomers would have 0% permanent deformation. Plasticized PVC has 3-5% de- 
40 formation, while polyolefins such as linear low density polyethylene (LLDPE) generally have significantly higher per- 
manent deformation, on the order of 6-15%. Thus, when a food wrapped in a poor deformation recovering material is 
poked by a consumer to test for freshness, the film does not immediately return to its former state and a deformed 
package having a depression caused by the finger poke results, which is aesthetically unpleasing. 

Commercialized multilayer polyolefin stretch films are available under the trademarks Yuka Wrap from Mitsubishi 
45 and Aliprot from Crocco. 

Yuka Wrap is described in four page brochure from Mitsubishi Petrochemical Co. Ltd. as an "environmentally 
sound/safe/non-PVC film" that has no plasticizer, yet provides ample extendibility and good restoration, a wide sealing 
range, well-balanced cling and slipperiness for use in high speed wrapping machines, and good optical properties. 

Aliprot is described in a 1 3 page brochure from Crocco as "the recyclable film" which is polyolef in-based containing 
50 no chlorine and no plasticizers and which is suitable for food cling wrap applications. Aliprot film purportedly is suitable 
for use with automatic wrapping machines and has high puncture resistance and good printability. 

Disadvantageously, both Yuka Wrap and Aliprot cling wrap films have poor elastic recovery from finger pokes when 
compared to PVC film. 

EP-A-351 744 teaches the use of ablend of two VLDPE polymers for the preparation of a biaxially stretchable film. 
55 US-A-5 279 872 discloses the preparation of a heat-shrinkable film. 

EP-A-285 444 relates to a five-layered composite film based on either LLDPE or EP copolymer. 
It would be desirable to provide a multilayer, flexible, stretchable blown film having a combination of physical 
properties making it suitable as a substitute or replacement film for PVC film in food contact applications. 
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It would be advantageous for such film to be transparent, clear, have low haze and high gloss in combination with 
having a high degree of deformation recovery, rapid elastic recovery, good oxygen permeability which is sufficient to 
facilitate red bloom in fresh meat, heat sealability and good machinability. 

One object of this invention is to provide an improved multilayer stretch film suitable for use as a trayed food 
s overwrap material. 

A further object is to provide such a stretch film in the form of three or more layers which has excellent puncture 
resistance and elastic recovery. 

Another object is to provide a polyolefin-containing multiple layer stretch film having low permanent deformation. 
Another object of this invention is to provide such a film which is capable of forming a sealed trayed food package 
10 as a stretch overwrap material. 

Still another object is to provide such a film having high abuse resistance. 

Yet another object of the invention is to provide a film which may be used on automatic packaging machinery. 

A further object of the invention is to provide a film in roll form which may easily be cut for use in packaging, 
particularly on automated equipment. 
is An additional object is to provide such a film which can be heat sealed as a stretch wrap material around a food- 

containing tray at low temperature and energy. 

A further additional object of this invention is to provide an improved heat sealed food^containing tray package 
overwrapped by a film having good deformation recovery. 

Another additional object of the invention is to provide a chlorine free, polyolefin stretch film that is substantially 
20 free of heat shrinkage at 90°C, but having a combination of excellent extensibility, finger poke recovery, optical prop- 
erties, and heat sealability. 

Yet another object of this invention is to provide a film which achieves one or more of the above objects and which 
may be made by a blown film or slotcast process. 

These and other objects and advantages may be found in various embodiments of the present invention. It is not 
25 necessary that each and every object or advantage be found in all embodiments of the present invention. It is sufficient 
that the present invention may be advantageously employed. 

Other objects and advantages of this invention will be apparent from the ensuing disclosure and appended claims. 

Summary of the Invention 

30 

This invention relates to a polyolefin, multilayer flexible film comprising at least a first outer layer, a second outer 
layer, and a core layer between the first and second outer layers. Preferably, the film is a slot cast film or a blown film 
which has at least three layers including a core layer disposed between first and second outer layers, and the film must 
have less than 10% unrestrained shrinkage at 90°C in at least one direction, 
35 The first outer layer of the inventive film comprises at least one copolymer of ethylene and at least one C3-C 8 

alpha-olefin, and this copolymer has at least 75 weight percent of its polymer units derived from ethylene. This copol- 
ymer also has a density of at least 0.900 g/cm 3 and below 0.91 5 g/cm 3 , and a melting point of at least 90° C. 

Optionally, and preferably the first outer layer also comprises a second copolymer of ethylene and at least one C3- 
C e alpha olefin, with this second copolymer having at least 75 wt% (preferably at least 80 wt.%) of its polymer units 
40 derived from ethylene, and having a copolymer density less than 0.900 g/cm 3 , and a melting point less than 80*0. 
More preferably, the first outer layer will also contain a third copolymer of propylene and ethylene having at least 80 
wt.% of its polymer units derived from propylene. 

The core layer of the inventive film comprises at least one copolymer of ethylene and at least one C 3 -C 8 alpha- 
olefin, with the copolymer having at least 75 weight percent of its polymer units derived from ethylene. This core layer 
4S copolymer has a density of at least 0.900 g/cm 3 and below 0.915 g/cm 3 , and a melting point of at least 90°C. 

The core layer may also optionally comprise a second and/or third copolymer as described above for the first outer 
layer. Preferably, the core layer will consist essentially of the first copolymer in combination with suitably additives such 
as antifog agents, slip agents, nonionic surfactants, oleamides and/or fluoroelastomers. 

The second outer layer comprises a blend of first and second copolymers of ethylene and at least one C 3 -C 8 alpha- 
50 olefin. The first copolymer has at least 75 weight percent of its polymer units derived from ethylene, and has a density 
below 0.915 g/cm 3 , and a melting point of at least 90°C. The second copolymer of the blend has at least 75 (preferably 
at least 80) weight percent of its polymer units derived from ethylene, a density less than 0.900 g/cm 3 , and a melting 
point less than 80 0 C. 

Fundamental to the present invention is polyolefin film having a composition and made by a process whereby the 
55 film thus produced may be stretched taut over a trayed product (especially eg. fresh meat) heat sealed to itself and 
have good and rapid elastic recovery from depressions made eg. by poking a finger against the film overwrapped 
product. Desirably, the film will have good properties when stretch wrapped over articles without requiring a heat shrink- 
age operation. 
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Advantageously, film of preferred embodiments of the present invention may be substantially free of chlorine, 
substantially free of nonpolymeric plasticizers and/or substantially free of heat shrinkage at 90°C (510% shrinkage in 
both machine and transverse direction) and in an especially preferred embodiment may be essentially free of shrinkage 
at 90°C (less than 5% shrinkage) in the transverse direction. Low transverse direction shrinkage is a characteristic of 

s slot cast or blown film. Films having a composition according to the present invention and made by a blown film (single 
bubble) or slot cast process may have highly desirable properties including excellent recovery from finger pokes in 
combination with other desirable properties including those related to film optics, extensibility, strength, sealabilrty, gas 
permeability, cling, mach inability, a surface tension and friction. A preferred embodiment of the invention may also be 
easily cut preferably in the transverse direction. 

10 The film of the invention can be used in a sealed food package comprising a tray with a bottom section surrounded 

by upwardly extending side walls, an article (especially perishable food) supported on the upper surface of the bottom 
section, and a stretched polyolefin film extending over each of the article, the upper edges of the side walls and at 
least part of the lower surface of the tray bottom section and heat sealed to itself in flattened relationship against the 
lower surface of the bottom section of the tray so as to form with the tray a sealed enclosure for the food. In this use, 

15 the improvement is a trayed article, eg. fresh meat (either cut portions or ground) covered with a polyolefin composition 
as a stretched film comprising a structure as further defined below. The preferred multilayer film comprises at least a 
first outer layer, a second outer layer and a core layer between the first and second outer layers as further described 
below. 

20 Brief Description of the Drawings 

Figure 1 is a schematic representation of a blown film process for making a thin flexible film according to the present 
invention. 

Figure 2 is a sectional view of a tubular film made according to the process of Figure 1 . 
25 Figure 3 is a sectional view of a sheet film according to the present invention. 

Figure 4 is a view of a trayed article overwrapped with a multilayer film in accordance with the invention. 

Detailed Description of the Invention 

30 The invention in all of its embodiments comprises or utilizes a thermoplastic polymeric flexible film of 10 mils (254 

H.m) or less. The invention may be used as an industrial wrap or to wrap, cover, or enclose various non-food or food 
articles but has particular utility as a food overwrap stretch or cling film. Such films for wrapping foodstuffs will preferably 
have a thickness of less than about 2 mils (50.8 u/n) more preferably less than 1 mil (25.4 jim). Typically the inventive 
films will be between about 0.3-1.2 mil (8-30 urn). Especially preferred for use as films for packaging trayed articles 

35 including foodstuffs, e.g., fresh red meat, are films of the invention wherein the film has a thickness of between about 
12 to 20 (jim). Such films have good finger poke recovery, puncture resistance, and machinability Films thinner than 
10 (jam) are more difficult to make and handle in packaging processes without forming pin holes. Advantageously, films 
according to the present invention may be made thinner than 10 (ujti) e.g., in the range of 8-10 u.m (microns) for use 
as an overwrap by caterers or households. The inventive films may also be made in thicknesses of 12-14 (u,m) for 

40 produce wrapping and 1 6-25 jam for poultry applications. 

The present inventive multilayer film comprises at least three essential layers viz a first outer layer, a core layer, 
and a second outer layer where the core layer is between the first and second layers. The layer ratios for relative 
thicknesses of each of these three essential layers may vary widely. Suitable ratios of from 2:1 or lesser to 14:1 or 
greater may be used for either the first outer layer or the core layer thickness relative to the thickness for the individual 

45 remaining layers. For example, typically either the first outer layer will be about 1 2-1 4 times thicker than individual core 
and second outer layers, or the core layer will be similarly thicker relative to the individual first and second outer layers. 

Individual layer thicknesses may also vary widely. Generally, the thickness of the first outer layer will be greater 
than any other layer. Typical preferred embodiments have a core layer thickness of from 15 to 70%. More preferably 
at least one of the first outer layer and core layer will comprise 50 to 70% of the total film thickness. The thickness for 

so the core layer and the second outer layer in typical preferred embodiments ranges from 15 to 35% (more preferably 
15 to 25%) of the total film thickness. 

Advantageously, preferred films do not require heat shrink tunnels or apparatus for effective use. Preferred films 
also provide a beneficial combination of two or more or all of the following properties including low permanent defor- 
mation, low haze, high gloss, heatsealability, good elastic memory and finger poke recovery, good machinability, easy 

55 to cut (especially in transverse direction), high puncture resistance, good mechanical strength and relatively low water 
vapor permeability properties with desirably high gas (O2 and C0 2 ) permeabilities. 

The inventive film is used to cover, wrap or enclose articles including perishable products such as food and has 
similar optical and mechanical properties to PUG film. For storage the enclosed article may be overwrapped (with or 
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without evacuation of air) and sealed e.g., by tacking or by a continuous hermetic seal. The sealing is typically by heat, 
i.e., the film has adjoining portions heated to a range between the heat seal initiation temperature and the burn^th rough 
temperature. Preferred films of the invention are food contact films suitable for wrapping meat, fruit, vegetables and 
for contact with food at room temperature or lower. These preferred films will have low extractable contents and meet 

5 government regulations, for extractable limits in the intended uses. 

Multilayer films of the present invention are potyolefin, flexible films having at least three layers and preferably 
consisting essentially of three polymeric layers. Desirably, the first and second outer layers are directly adhered to 
opposing sides of the core layer. The three or more layers of the multilayer film may be laminated but preferably are 
coextruded. Each layer of the first outer layer, core layer and second outer layer utilizes at least one copolymer of 

10 ethylene and at least one C 3 -C 8 alpha-olefin having a density below 0.915 g/cm 3 and having at least 75 wt.% and 
preferably at least 80 wt.% of its polymer units derived from ethylene. Advantageously, ethylenic polymer units of the 
ethylene alpha-olefin copolymers are nonpolar and hydrophobic which imparts moisture barrier properties to the film. 
Advantageously, ethylenic copolymers, in addition to polymeric units derived from ethylene monomer, will have at least 
about 3% by weight, preferably at least about 8% of its polymeric units derived from at least one other ct-olef in monomer. 

is Suitable a-olefin monomers include C 3 -C 8 monomers. In one preferred embodiment of the invention, this other mon- 
omer comprises butene-1 , hexene-1 , octene-1 , or a combination thereof. Preferably at least one copolymer of the film 
will be of ethylene and a C 6 -C 8 alpha-olefin. 

Such copolymer may be the same or different from layer to layer, and more than one such copolymer may be used 
in each layer. The necessary polymeric formulations for the required film layers are discussed in detail below. Such 

20 copolymers which are useful in the present invention include polymers known as very low density polyethylene, as 
well as copolymers characterized as plastomers or elastomers. 

"Polyolefin" as that term is used herein refers to a hydrocarbon polymer derived from a simple olefin for example 
such as polyethylene or polypropylene and copolymers of such olefins. Polyolefins used in the present invention unless 
otherwise noted are substantially free (except for incidental amounts e.g., trace residues of catalysts or process related 

25 contaminants) of halogens, oxygen or other elements apart from carbon and hydrogen. However, these polyolefins 
may optionally have other polymers or substances such as processing aids, ultraviolet light stabilizers or antioxidants 
in admixture therewith. 

The term "Polyethylene" as used herein is the name for a polymer whose basic structure is characterized by the 
chain {CH 2 CH 2 } n . Polyethylene homopolymer is generally described as being a solid at room temperature which has 

30 a partially amorphous phase and partially crystalline phase with a density of between 0.91 5 to 0.970 g/cm 3 . The relative 
crystallinity of polyethylene is known to affect its physical properties. The amorphous phase imparts flexibility and high 
impact strength while the crystalline phase imparts a high softening temperature and rigidity. 

One form of linear polyethylene is generally referred to as high density homopolymer and has crystallinity of 70 to 
90 percent with a density between about 0.96 to 0.97 g/cm 3 . Most commercially utilized polyethylenes are not linear 

35 homopolymer but instead have C 2 -C 8 a Iky I groups attached to the basic chain. These substituted polyethylenes are 
also known as branched chain polyethylenes. Branching with alkyl groups generally reduces crystallinity density and 
melting point. The density of polyethylene is recognized as being closely connected to the crystallinity. The physical 
properties of commercially available polyethylenes are also affected by average molecular weight and molecular weight 
distribution, branching length and type of substituents. 

40 People skilled in the art generally refer to several broad categories of polymers and copolymers as "polyethylene. 

■ Placement of a particular polymer into one of these categories of "polyethylene" is frequently based upon the density 
of the polyethylene and often by additional reference to the process by which it was made since the process often 
determines the degree of branching, crystallinity and density. In general, the nomenclature used is nonspecific to a 
compound but refers instead to a range of compositions. This range often includes both homopolymers and copolymers. 

45 For example, "high density" polyethylene (HDPE) is ordinarily used in the art to refer to both (a) homopolymers of 

densities between about 0.960 to 0.970 g/cm 3 and (b) copolymers of ethylene and an alpha-olefin (usually 1-butene 
or 1-hexene) which have densities between 0.940 and 0.958 g/cm 3 HDPE includes polymers made with Ziegler or 
Phillips type catalysts and is also said to include high molecular weight "polyethylenes." In contrast to HDPE, whose 
polymer chain has some branching, are "ultra high molecular weight polyethylenes" which are essentially unbranched 

so specialty polymers having a much higher molecular weight than the high molecular weight HDPE. 

Hereinafter, the term "polyethylene" will be used (unless indicated otherwise) to refer to ethylene homopolymers 
as well as copolymers of ethylene with alpha-olefins and the term will be used without regard to the presence or absence 
of substituent branch groups. 

Another broad grouping of polyethylene is "high pressure, low density polyethylene" (LDPE). The polyethylene 

55 industry began in the 1930's as a result of the discovery of a commercial process for producing LDPE by Imperial 
Chemical Industries, Ltd. researchers. LDPE is used herein to denominate branched homopolymers having densities 
between 0.915 and 0.930 g/cm 3 . LDPEs typically contain long branches off the main chain (often termed "backbone") 
with alkyl substituents of 2 to 8 carbon atoms on these branches. 
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Another type of polyethylene is Linear Low Density Polyethylene (LLDPE). Only copolymers of ethylene with higher 
alpha-olefins are in this group. LLDPEs are presently recognized by those skilled in the art as having densities from 
0.915 to 0.940 g/cm 3 . The alpha-olefin utilized is usually 1-butene, 1-hexene, or 1-octene and Ziegler-type catalysts 
are usually employed (although Phillips catalysts are also used to produce LLDPE having densities at the higher end 

s of the range). LLDPEs typically do not have many long branches off the main chain as exhibited by LDPE. Another 
grouping of polyethylene is Very Low Density Polyethylene (VLDPE) which is also called "Ultra Low Density Polyeth- 
ylene" (ULDPE). This grouping like LLDPEs comprise copolymers of ethylene with alpha-olefins, usually 1-butene, 
1-hexene, or 1 -octene and are recognized by those skilled in the art as having a high degree of linearity of structure 
with short branching rather than the many long side branches characteristic of LDPE. However, VLDPEs have lower 

10 densities than LLDPEs. The densities of VLDPEs are recognized by those skilled in the art to range between 0.860 
and 0.915 g/cm 3 . 

The expression very low density polyethylene (VLDPE") sometimes called ultra low density polyethylene ("UL- 
DPE W ), refers to linear polyethylenes having densities below about 0.915 g/cm 3 , but this expression does not include 
ethylene alpha olefin copolymers of densities below about 0.90 g/cm 3 with elastomeric properties and referred to as 

is elastomers. Some elastomers are also referred to by at least one manufacturer as "ethylene alpha olefin plastomers", 
but other manufacturers have characterized VLDPE as an ethylene a-olefin with plastomeric properties. VLDPE does 
not include linear low density polyethylenes (LLDPE) which have densities in the range of 0.915 - 0.930 gm/cm 3 . 
VLDPE's as the term is used herein may be made by solution or fluidized bed processes using a variety of catalysts 
including Ziegler-Natta, metallocene, or single site constrained geometry catalysts. 

20 VLDPE comprises copolymers (including terpolymers) of ethylene with C 3 -C 10 (preferably C 4 -C 8 ) alpha olefins, 

usually bipolymers of ethylene with 1 -butene, 1 -hexene or 1 -octene, and in some instances terpolymers, as for example 
of ethylene, 1-butene and 1-hexene. A process for making VLDPEs is described in European Patent Document pub- 
lication number 1 20,503. 

Some ethylene alpha-olefin copolymers are also manufactured with elastomeric properties. Some of these have 
25 densities in the same range as VLDPE's, but may have greatly different physical properties due to differences in man- 
ufacturing processes. 

As used herein, ethylene alpha-olefin copolymers include bipolymers and terpolymers of ethylene and higher alpha- 
olefin comonomers and also include both elastomers and VLDPES. 

Suitable ethylene alpha olefin copolymers (including VLDPEs) for use in forming films according to the present 
30 invention include those manufactured by Dow Chemical Company, Exxon Chemical Company, Mitsui Petrochemicals 
Ltd., and Union Carbide Corporation. These copolymers are commercially available in dry resin form as powder, pellets 
or granules. 

Suitable ethylene alpha-olefin copolymers useful in the present invention include those manufactured using met- 
allocene single site catalysts by Exxon Chemical Company of Houston, Texas under the trademark EXACT™ such as 
35 Exact 3027, Exact 3006, and Exact 4011, and also include those manufactured using Ziegler-Natta catalysts by Dow 
Chemical Company of Midland, Michigan under the trademark Attane® such as Attane 4203, Attane 4201 , Attane XU 
61520.01 and made using metallocene or single site constrained geometry catalysts under the trademark Affinity™ 
such as Affinity PL 1 845, Affinity PL 1 840, Affinity PL 1 880, and Affinity FW 1 650. Reported and/or measured properties 
of suitable ethylene alpha olefin copolymers are presented in Table A. 
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The first outer layer of the inventive film in a preferred embodiment is a blend of (a) a first copolymer of ethylene 
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and at least one C 3 -C 8 alpha-olefin, where the first copolymer has at least 75 weight percent of its polymer units derived 
from ethylene, and has a density of at least about 0.900 g/cm 3 , and below 0.91 5 g/cm 3 , and a melting point of at least 
90° C, and (b) a second copolymer of ethylene and at least one C 3 -C 8 alpha-olefin with the second copolymer having 
at least 75 wt.% of its polymer units derived from ethylene, and having a density less than 0.900 g/cm 3 , and a melting 

s point less than about 80°C. Advantageously, the first copolymer having a melting point of at least 90° C also has an 
average molecular weight distribution ^v/M n of at least 3, and the second copolymer (having a melting point less than 
about 80°C has an average Mw/M n less than 3. 

Preferably, the first outer layer will comprise at least 40 (more preferably at least 60) weight percent of the above 
described first copolymer regardless of whether a second copolymer as described above is present. In one preferred 

10 embodiment, the first outer layer comprises at least 60 weight percent of the first copolymer having a melting point of 
at least 90° C as described above and further comprises 40 weight percent or less of the second copolymer. 

The core layer of the inventive film may in some preferred embodiments comprise at least about 70 weight percent 
of at least one copolymer of ethylene and at least one C 3 -C 8 alpha-olefin, where the copolymer has at least 75 weight 
percent of its polymer units derived from ethylene, and has a density of at least about 0.900 g/cm 3 and below 0.915 

is g/cm 3 , and a melting point of at least 90°C, and preferably between about 90 to 1 00°C. 

In some preferred embodiments, the above copolymer(s) are present in the core layer in an amount of at least 
about 85 percent by weight, or optionally at least 90 percent by weight of the core layer. 

The second outer layer of the inventive film may also be a blend, as described above for the core layer, of two 
different types of copolymers based upon density and/or melting point. The first and second copolymers of the second 

20 outer layer may either both have a narrow average molecular weight distribution (M^/M,, <3), or these copolymers 
may have different distributions with one of the copolymers (preferably the copolymer having the higher melting point) 
having an average molecular weight/distribution Mw/M n >3 and the other copolymer having a narrow M^M,, <3. Pref- 
erably, the second outer layer comprises at least 70 weight percent of the first copolymer, and less than 30 weight 
percent of the second copolymer. In an especially preferred embodiment the second outer layer comprises between 

25 about 70 to 85 weight percent of the first copolymer and about 1 5 to 30 weight percent of the second copolymer In a 
preferred embodiment of the invention the first copolymer of the second outer layer has a melting point between about 
90 and 95°C. Also, in some embodiments, the second copolymer of the second outer layer may have a melting point 
which is >50°C and <80°C. 

Advantageously, some embodiments of the invention employ a copolymer in the first outer layer which has a melting 

30 point greater than 110°C. In one embodiment believed to have superior sealing characteristics a copolymer of ethylene 
and at least one C 3 .C 8 alpha-olefin, having at least 75 weight percent of its polymer units derived from ethylene, and 
having a density of at least about 0.900 g/cm 3 and below 0.915 g/cm 3 , and a melting point of at least 90°C which 
comprises the first outer layer, has a melting point which is at least 30°C greater than the melting point of (i) any polymer 
or combination of polymers in the core layer which polymer or combination of polymers comprise at least 80 weight 

35 percent of the core layer, and (ii) any polymer or combination of polymers in the second outer layer which polymer or 
combination of polymers comprises at least 80 weight percent of the second outer layer. 

Also useful in films according to the present invention as a polymeric constituent in admixture with the aforemen- 
tioned ethylene alpha-olefin copolymers are propylene-based or butene-based copolymers with ethylene or ethylene 
propylene rubbers (EPRs) having less than 75 wt.% ethylene. Such propylene ethylene (C 3 C 2 ) copolymers or butene- 

40 1 ethylene (C 4 C 2 ) copolymers have at least 50 weight % of their polymeric units derived from either propylene or butene 
comonomer and have an ethylene content of less than 50 weight percent. A preferred polymer is a copolymer of 
propylene and ethylene having at least 80 weight percent of its polymer units derived from propylene. Such polymer 
is advantageously used in a blend with at least one layer, preferably the first outer layer. Beneficially such copolymer 
is present in an amount between about 2 to 1 5 weight percent of said first outer layer. An especially preferred C 3 C 2 

45 copolymer has a melting point of at least 1 30°C in addition to having at least 80 weight percent of its polymer units 
derived from propylene. Examples of suitable C 3 C 2 or C 4 C 2 copolymers, or C 2 C 3 rubbers include propylene- ethylene 
random copolymers e.g. as sold by Shell Chemical Company of Atlanta, Georgia (Shell) under the trademark Shell 
DS6-281 and ethylene propylene rubbers e.g. as sold by the Polysar Rubber Division of Mobay Corporation at Akron, 
Ohio under the trademark Polysar EPM-306 (Polysar is a trademark of Bayer AG of Germany), and also include butene 

50 ethylene copolymers sold by Shell under the trademark Duraflex® polybutylene 8640 and Duraflex™ 831 0. Reported 
and/or measured properties of these C 4 C 2 , C 3 C 2 , or C 2 C 3 copolymers are reported in Table B. Table B also includes 
properties of other polymers used in the examples including comparative examples below. 
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The films of the present invention may also contain other polymers blended therein to modify film properties. It is 
contemplated that such polymers as: linear low density polyethylene (LLDPE); copolymers of ethylene and unsaturated 
esters such as vinyl esters e.g. ethylene vinyl acetate copolymer; ethylene alkyl acrylates such as ethylene-methyl- 
acrylate, ethylene-ethylacrylate and ethylene-butene acrylate; copolymers of ethylene and carboxylic acids such as 

s ethylene acrylic acid copolymer (EAA); low density polyethylene (LDPE); high density polyethylene (HDPE); or iono- 
mers may be blended into one or more of the individual layers including e.g., the first outer layer, core layer, or second 
outer layer of the multilayer film or may be added in optional additional layers. Preferred embodiments of the present 
invention have less than 20% by weight of such added nonethylene atpha-olefin copolymers. Also, any or all of the 
layers of the inventive films may be free of such aforementioned polymers. Inventive films which are substantially free 

10 (i.e. <5% by weight of total film) from such polymers have been found to be useful and have a very desirable combination 
of properties without inducing disadvantageous properties or the additional trouble and expense of purchasing, storing, 
measuring and blending another resin and such further adjustments as would be required by addition of another resin 
to a film structure. Similarly, layers of the inventive film, which are substantially free (i.e., ^5% by weight of the total 
layer) from non ethylene alpha-olefin copolymers are useful. 

is The present invention may utilize commercially available resins. As generally recognized in the art, these resins 

may be melt blended or mechanically mixed by well known methods using commercially available equipment including 
tumblers, mixers or blenders. Also, if desired, well known additives such as processing aids, slip agents, antifog agents, 
cling agents, antiblocking agents, pigments, antioxidants, and mixtures thereof may be incorporated into the film, by 
blending prior to extrusion. Such additives are typically present in the inventive film in an amount less than 10 wt.% of 

20 the total film weight, and less than 10 wt.% for individual layers based on the individual layer weights. Preferred em- 
bodiments of the present invention suitable for stretch overwrapping refrigerated food items such as meat or cheese 
typically employ antifog agents, and slip agents, and commercially available polymer resins often contain either or both 
primary and secondary antioxidants which are added by the manufacturers (generally to inhibit degradation or crosslink- 
ing during storage and transit of the resin). Advantageously, in certain embodiments of the present invention either or 

25 both of the first outer layer and core layer comprises an antifog agent in an amount up to 4 weight percent of each 
layer. Certain additives which were used in the examples below are identified in Table C. 



30 



35 



40 



45 



50 



55 



10 



EP 0 687 558 B1 



10 



15 



20 



25 



30 



35 



40 



45 



U 

w 







w 












k OJ 








Q 


0) 4) CD 








1 J 


TJ E rd 


•H 






OQ 


-h O 












D 


U 




4-1 rt 


nJ CD W 


Tl 

w 


•H 


r* 






-H (1) 


JJ 


V IU ui 




r-l H Q 


P CD 


rH -H 


■H Jj 


C TJ 


0 0) J 


a) m 


m to 




Q) -H 


*> 0 


0) JQ 


M U 


U TO 


rl C3 


d¥» CO M C 




QJ M4 


Ui r»i 

rt *M |XJ 




lO 0 rd 




C. 

C C 


i-» i . />, 

c w o< 


rt fii m 




04 


4) 0 


U -J M 








\D vJ 


C D] H 


rt< o o 


ri 10 *w ^ 






a) 


0) 


0) 






> 


> 


> 


> 




-H 


-H 


-rH 


-H 




JJ 


JJ 


JJ 


JJ 




•H 


-H 


-H 


-H 




TJ 




*0 *0 T3 


TJ 


0) 
& 


jJ V 


TJ 


C -H T3 


TJ 


C rd 




fti fC <ti 


cd 




OJ 

Ol 01 


4J CD 


■U Ql ul 


JJ Ol 




rd £ 


c c 


r+ t-t 

C C C 


r"< 

C C 


a) 


•H 


d) *rt 


<U -H "H 


mi 1 


> 


n 5 




01 00 £ 


CJI C 


-H 


O *H 


rd -h 


flj CO *H 




4J 


uh rd 


rd 


QJ (0 


/ft 


-H 


*H JJ 


Q4 J-J 


P4 U 4J 


iM JJ 




■ t 1-4 




"HOC 


■rt V-i 


T3 


3 n 


r- t O 


1 t 1 


rt vJ 


<• 


«; u 


OQ O 


D] }M {J 


m r 1 








H 










ro 


VD 






H 


0 




c 




o> 


0 


cn 


rH O 


OJ 


O 


0 


0 


rd *h 


rH 


in 


H 


H 


•H JJ 


iH 








O (0 


GO 


jj 


JJ 


JJ 


u c 




<U 


0) 


<D 


<D Ot 


M 


O 


u 


O 


c rt 


u> 


rrt 




rd 


£ OQ 


E 








0 OJ 


jj 


f 


1 


t 


U Q 


< 








* 




0 1 


^4 


jj 



0) 

J^ c 
JJ o 

•r* 

d jj 
-h (d c 
d o 
tn <7>-h 

•H JJ 

cn m 
a) c 

JJT3 cj) 
•rt -rt 
CO rH CQ 

O (d OJ 
a-H TJ 



o 



u 

U 1 
0) rd 



d) O (U 



J5 

JJ 



0) 
O H 



JJ 


JJ 


^ • 


c 


Q> CQ 


0) 


U-) 0) 




<D rH 




r< J3 




rd 


u 


O JJ 




jj 


OQ 


TJ 




TJ 0) 




<U ^ 


(U 


OQ 0) 








£ JJ 


QJ 3 


U 


r< C 


rd 


rd 


M-l 



0) 3 
OQ J^ C 
C! jj rd ■ 

0 6 
•H T3 
JJ C 0) 
rd m X 
C JJ 

01 OQ 

•h a) a) e 
do m jq S 

OJ Di rH 

TJ £ O O 
rd JJ Q< 

0) 0) TJ ^ 



00 
<D 

u 

0) 



0) rd 

Ol > rH 



C <D 
•H -H 

> rH 

O d) CQ 

OQ rH 
<U rH 

-COW 

E-i 4H *H 



o 



50 



As will be explained hereinafter in more detail, the three-layer film of the present invention overcomes the afore- 
described limitations of prior polyolefin films as a PVC replacement in overwrapping trayed foods. It also performs as 
well as or better than many other commercially employed multilayer polyolefin films, and provides greater recovery 
55 from thumb depressions than other polyolefin films. Moreover, this three layer film has been demonstrated to provide 
an unexpected combination of good optical properties and low permanent deformation percentages. All of these prop- 
erties are advantages in food packaging and other applications and especially for retail food packaging such as for 
stretch wrapping trayed fresh red meat with plastic film. 
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As previously noted, the multilayer inventive film comprises at least three layers. All three essential layers (i.e. the 
first and second outer layers and the core layer) are believed to cooperate together to provide a thermoplastic flexible 
film having a superior combination of optical and mechanical properties, particularly stretch properties, especially film 
recovery after deformation e.g. high thumb depression elastic recovery values, relative to other polyolefin type, non- 
s PVC stretch film having less than 10% shrinkage at 90° C in at least one direction. 

Preferred films of the present invention have at least one C 2 C 8 copolymer (preferably a substantially linear ethylene 
octene-1 copolymer) having at least 75 wt.% of its polymer units (more preferably at least 80%) derived from ethylene 
in at least one layer in an amount of at least 50 wt.% (more preferably at least 60 wt.%) of the layer. It is believed that 
such C 2 C 8 copolymer adds strength to the film, particular when said C 2 C 8 copolymer has a density of at least 0.900 
10 g/m 3 or higher. 

Beneficially, films of the present invention may have a first outer layer, core layer and/or second outer layer com- 
prising at least one copolymer of ethylene and at least one C 3 -C 8 alpha-olefin, with the copolymer having at least 75 
weight percent of its polymer units derived from ethylene, and having a density of at least about 0.900 g/cm 3 and below 
0.91 5 g/cm 3 , and a melting point of at least 90°C, and having a narrow average molecular weight distribution My/M n <3. 

is Preferred heat sealable films according to the present invention have at least one layer (preferably at least the 

first outer layer) containing a blend of broad (£ 3.0) and narrow (<3.0) molecular weight distribution (M^/MJ ethylene 
alpha-olefin copolymers. Preferably at least 1 5 wt.% of a narrow molecular weight material will be blended with at least 
30% and preferably from 30 to 70 wt.% of a broad molecular weight material. Such blends are believed to expand the 
temperature range over which heat sealing of the inventive film to itself may be accomplished. Advantageously, in 

20 some embodiments of the present invention a hot bar sealing range of at least 25°C is obtained or preferably at least 
50°C. 

Advantageously, some preferred embodiments of the present invention obtain a hot bar sealing range of at least 
50°C without resort to expensive crosslinking operations e.g. by irradiation using electron beam curing units. However, 
if desired the film may be crosslinked to further broaden the heat sealing range. 

25 Also, although not essential in the practice of this invention, it may be desirable to cross-link one or more layers 

of the inventive film for improved abuse and/or puncture resistance and other physical characteristics. This for example 
may be accomplished by irradiation using e.g. any electron beam generator operating in a range of about 150 kilovolts 
to about 6 megavolts with a power output capable of supplying the desired dosage. Many devices for irradiating films 
are known to those of skill in the art. The irradiation is usually carried out at a dosage up to about 2 x 10 5 G Y (20 MR), 

30 typically between about 10 4 G Y (1 MR) and about 2 x 1 0 5 G Y (20 MR), with a preferred dosage range of about 2 x 1 0 4 
G Y (2 MR) to about 1 ,2 x 10 5 G Y (12 MR). Irradiation can be carried conveniently at room temperature, although higher 
and lower temperatures, for example, 0°C. to 60°C. may be employed. Alternatively, crosslinking may be performed 
using a chemical crosslinking agent or by a combination of chemical and irradiative means. Advantageously, inventive 
films which are substantially uncrosslinked may be suitably made and used. 

35 Preferably films of the present invention are blown films made by a blown film process. As the term "blown film" 

is used herein is meant a film produced by extruding a polymer melt from an annular die into a tube which is simulta- 
neously pulled away from the die and over a bubble of air trapped between the die and collapsing means such as nip 
rolls while air is blown around the outer film tube surface to stabilize and quench the tube. 

Generally, the film resins and any additives are introduced to an extruder (generally one extruder per layer) where 

40 the res ins are melt plast if ied by heating and then transferred to an extrusion (or coextrusion) die for formation into a tube. 

Extruder and die temperatures will generally depend upon the particular resin or resin containing mixtures being 
processed and suitable temperature ranges for commercially available resins are generally known in the art, or are 
provided in technical bulletins made available by resin manufacturers. Processing temperatures may vary depending 
upon other process parameters chosen. In extrusion of the ethylene alpha-olefin copolymer outer layer blends of the 

45 present invention, barrel and die temperatures, for example, may range between about 175 to 210°C. However, de- 
pending upon such factors as other resins which may be employed, the manufacturing process used and particular 
equipment and other process parameters utilized, variations are expected. Actual process parameters including proc- 
ess temperatures will be set by one skilled in the art without undue experimentation. 

In the blown film process, contact of the outer film surface and optionally also the inner film tube surface with room 

50 temperature or cooler air cools the radially expanding tubular polymer melt as it leaves the die and travels over the 
trapped bubble thereby causing ft to solidify. The point of transition from polymer melt to solid is commonly known as 
the frost line. Above the frost line, the blown or inflated tube is collapsed and fed through nip rolls which trap air within 
the tube to maintain an expanded bubble of fluid (typically air). Optionally, this air bubble may be used to internally 
cool the expanded film tube by continuously delivering cool air (e.g. at about 45-55°F (7-1 3°C)) while simultaneously 

55 removing warm air from inside the bubble via the die. This exchange of air is usually performed at a constant rate to 
produce a final blown film of uniform size. The internal bubble cooling assists in quenching the film and may also 
produce film having improved optical properties (i.e. lower haze and higher gloss). The blow up ratio is the ratio of the 
film circumference after radial expansion and cooling to the die opening circumference and may be determined from 
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the known annular die opening dimensions and by measuring the transverse width of the flattened, expanded and 
cooled tubular film. Typical blow up ratios range from 2:1 to 5:1. Dimensions and properties of the blown film may be 
adjusted by altering the blow up ratio and/or the haul off (or draw) speed of the film as it is pulled out of the die in the 
machine direction e.g. by driven nip rolls. 

5 Referring now to the drawings, Figure 1 depicts a schematic view of a typical preferred process 1 0 which according 

to the present invention may be utilized to produce a multilayer, coextruded, blown film of the invention. In the depicted 
process 10 a first polyolefin polymer resin feed 11 is placed in a hopper 12 of a screw-type extruder 13 wherein it is 
heated to an appropriate temperature above the melting point of the first polymer feed to cause melting thereof. The 
extruder may also be provided with a jacketed chamber through which a cooling medium is circulating. The rotation of 

10 a screw within the extruder 13 forces melt plastified polymer through a connecting pipe 14 into a coextrusion die 15. 

Simultaneous with the introduction of the melt plastified first resin feed 11 to the die 15, a second resin feed 16 
(which has been placed in a hopper 17 of a second extruder 18) is similarly heat plastified and forced by extruder 18 
through a pipe 19 to coextrusion die 15. A third resin feed 20 is similarly introduced to die 15 through a third hopper 
21 , extruder 22 and pipe 23. In a preferred embodiment of the present invention, three extruders are utilized to produce 

15 the three film layers. However, in the coextrusion art it is known that where the same polymer melt is used in more 
than one layer of a multilayer construction, that the melt from one extruder may be divided e.g. at the die and used for 
multiple layers. In this manner a tubular five layer film of the invention for example, may be made utilizing three or four 
extruders. 

The coextrusion die 15 has an annular, preferably circular, opening and is designed to bring together the first, 

20 second and third polymer melts to form a tubular multilayer polymeric melt having a first outer layer (inner layer of the 
tube) comprising at least one copolymer of ethylene and at least one C 3 -C 8 alpha-olefin, said copolymer having at 
least 75 weight percent of its polymer units derived from ethylene, and said copolymer having a density of at least 
about 0.900 g/cm 3 and below 0.915 g/cm 3 , and a melting point of at least 90°C; and a second outer layer (outermost 
layer of the tube) comprising a blend of (a) a first copolymer of ethylene and at least one C 3 -C 8 alpha-olefin, said first 

25 copolymer having at least 75 weight percent of its polymer units derived from ethylene, and said copolymer having a 
density below 0.915 g/cm 3 , and a melting point of at least 90°C, and (b) a second copolymer of ethylene and at least 
one C 3 -C 6 alpha-olefin said second copolymer having at least 75 weight percent of its polymer units derived from 
ethylene, and having a density less than 0.900 g/cm 3 , and a melting point less than about 80°C; the first and second 
outer layers being separated by a core layer comprising at least one copolymer of ethylene and at least one C 3 -C 8 

30 alpha-olefin, said copolymer having at least 75 weight percent of its polymer units derived from ethylene, and said 
copolymer having a density of at least about 0.900 g/cm 3 and below 0.91 5 g/cm 3 , and a melting point of at least 90°C. 

Preferably the first outer layer also comprises a second copolymer of ethylene and at least one C^-Cq alpha olefin, 
with this second copolymer having at least 75 wt.% (preferably 80 wt.%) of its polymer units derived from ethylene, 
and having a copolymer density less than 0.900 g/cm 3 , and a melting point less than 80° C. More preferably, the first 

35 outer layer will also contain a third copolymer of propylene and ethylene having at least 80 wt.% of its polymer units 
derived from propylene. 

The multilayer melt is coextruded out of an annular die opening as a tube and the die 1 5 is equipped, as is known 
in the art, with a central orifice through which a fluid such as air is typically introduced to radially expand the diameter 
of the extrudate forming a blown tubular film 24 having an exterior surface 25 and interior surface 26. 

40 The blown film tube 24 is externally cooled by cooling means such as an air ring 27 which blows cooling air along 

the lower outer surface 28 of the tube 24. Simultaneously, the internal surface 26 is preferably cooled e.g. by contact 
with refrigerated air (e.g. at 5-1 5°C) delivered through an internal bubble cooling unit having a perforated pipe 29. The 
perforated pipe 29 is concentrically disposed around a longer pipe 30 of narrower diameter which is open at its distal 
end 31 to receive and remove warmer air which has risen to an upper end 32 of the film bubble 24. The streams of 

45 external and internal cooling fluids such as air and/or water constitutes a cooling zone serving to chill or set the extruded 
and radially expanded plastic tube at the desired diameter. 

The blown film bubble 24 is optionally stabilized by an external concentric cage 33 which helps maintain the bubble 
along a straight path to a collapsing ladder comprising a series of converging rolls 34. The blown bubble 24 is collapsed 
in rolls 34 and flattened by driven nip rolls 35 which may also serve to collapse the tube which can be reeled as a tube 

50 or slit. The stabilizing cage is particularly useful to stabilize films made using an internal bubble cooling apparatus. 

For making sheet film rolls suitable for use as an overwrap to package articles such as fresh red meat and processed 
meats, the flattened film tube 36 is slit open into one or more sheets which may be wound on paperboard or plastic 
cores for subsequent dispensing or use. In the embodiment depicted in Fig. 1 , the flattened tube 36 is conveyed through 
a slitting or cutting means such as slitter 37 where the film tube is slit by knives into two sheets 38 and 39. First multilayer 

55 sheet 38 is conveyed by rollers 40 to wind up reel 41 and second multilayer sheet 39 is conveyed by rollers 42 to wind 
up reel 43. Thus the film may be wound in a roll with the first outer layer comprising either the interiorly or exteriorly 
disposed surface of the roll. 

It will be appreciated that the flat width of the sheet produced may be in a variety of sizes depending upon the 
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circumference of the blown film and the number and placement of cuts made in the tube. Also, for production of flexible 
films, typical film wall thicknesses in the range of about 10 mil (254 mm) or less may be produced. Advantageously, 
according to the present invention, this multilayer blown film may be extruded, blown, cooled, collapsed, slit and reeled 
using well known and available equipment. 

s In the above description, reference is made to use of nip rolls which function to either or both pull or transport the 

tube and also to collapse an expanded tube to a flattened condition. However, it will be apparent to those skilled in the 
art that other transport means and collapsing means may be employed and are known in the art including such appa- 
ratus as collapsing ladders, drive belts, and the like and use of such mechanisms is contemplated by the present 
invention. Furthermore, it will be appreciated by those skilled in the art that such parameters as the die opening diameter, 

10 nip roll speed, amount and temperature of fluid such as air introduced and captured between the die and nip rolls, rate 
of flow of extrudate from the die opening, melt temperatures, type of cooling medium e.g. water or air, and internal and 
external bubble cooling temperatures may all be adjusted to optimize process conditions. For example, the circumfer- 
ence or flat width of the blown film tube may be increased to varying degrees above that of the die gap opening by 
modification of one or more of the above parameters. Similarly, the blown film tube may be conditioned or modified e. 

15 g. by interior, internal and/or external application and variation of the types and amounts and characteristics of materials, 
including gaseous or liquid fluids contacted therewith as well as setting and changing such parameters as pressures 
and temperatures. It will be understood in the art that such parameters may vary and will depend upon practical con- 
siderations such as the particular polymer resins comprising the tube as well as the presence or absence of modifying 
agents, the equipment utilized, and desired rates of production, desired tube size (including diameter and thickness), 

20 the quality and desired performance characteristics of the tubular article for the use intended. These and other process 
parameters including process temperatures are expected to be set by one skilled in the art without undue experimen- 
tation in view of the present disclosure. 

Also, certain non-uniformities in processing, such as variation in film thickness, unequal heating or cooling of the 
tubing, non- uniform air flows, and the like can be obviated by rotation with or without oscillation, either alone or in 

25 combination, of the die, the air ring, or tubing winder(s) (reeler) with respect to the vertical axis of the tubing. 

It should also be understood that while manufacture of blown film has been described above with respect to a 
coextrusion process which utilized vertical upward transport of the tube during bubble formation, that those skilled in 
the art may extrude the tube and form a bubble in other directions including vertically downward. 

Referring now to Fig. 2, a cross-section of the tubular blown film 24 of Fig. 1 is shown having an outer, exterior 

30 surface 25 and an inner, interior surface 26. The film 24 has three layers 50, 51 and 52 whose thicknesses are exag- 
gerated here for clarity. A first outer layer 50 is the inner surface layer of the film tube 24 and has an interior surface 
26. Disposed next to said first outer layer 50 is a core layer 51 which is preferably directly adhered by melt coextrusion 
to said layer 50 on one side and on the opposing side to a second outer layer 52. Second outer layer 52 is the outer 
surface layer of said tube 24 and has an exterior surface 25. Preferably the film of the present invention consists 

35 essentially of three layers, but additional layers may be laminated or coextruded on either side of the above three 
layers or interspersed between layers. A monolayer embodiment of the invention is also claimed. 

Referring now to Fig. 3, a sheet 60 is shown in exaggerated cross-section. Such sheet 60 may be made by cutting 
open tubular film 24 of Fig. 2 forming a sheet 60 having opposing ends 61 and 62 with three layers 50, 51 and 52 which 
correspond to the same layers discussed above with respect to tubular film 24 in Figs. 1 and 2. The exterior surface 

40 25 and interior surface 26 of tube 24 are now opposing surfaces 25 and 26 of sheet 60. 

Referring now to Fig. 4, an overwrapped tray 70 is depicted. Film sheet 60 overwraps an article such as ground 
meat or a cut of meat that is placed on a tray 71 . The film sheet 60 is stretched over the article and support tray 71 
and the ends (not shown) of the film sheet 60 are gathered together along a bottom surface (not depicted) of the tray 
71 and tacked or heat sealed together to provide a tray 70 covered by a protective stretch film 60 having an exterior 

45 film surface 25. It should be understood that in the manufacture of film sheet 60, either the inner or outer surface of 
the film tube 24 of Fig. 2 may be constructed to function as a food contact layer or as the exterior layer of an overwrapped 
article. Also, sheet 60 may be wound on a roll and portions of said sheet 60 cut off at desired lengths for use. Such 
rolls may contain many meters of film. 

The following are examples and comparative examples given to illustrate the present invention. 

50 Experimental results of the following examples are based on tests similar to the following test methods unless 

noted otherwise. All ASTM test methods noted herein are incorporated by reference into this disclosure. 

Tensile Strength: ASTM D-882, method A 
% Elongation: ASTM D-882, method A 
ss 1% Secant Modulus: ASTM D-882, method A 

Oxygen Gas Transmission Rate (0 2 GTR): ASTM D-3985-81 at 23°C and 0% relative humidity 
Water Vapor Transmission Rate (WVTR): ASTM F-1 249-90 at 38°C 
Elmendorf Tear Strength: ASTM D-1992 



14 



EP 0 687 558 B1 



Gauge: ASTM D-2103 

Haze: ASTM D-1 003-52 

Gloss: ASTM D-2457, 45°C Angle 

Melting Point: ASTM D-3418, DSC with 5°C./minute heating rate 
5 Melt Index: ASTM D-1 238, Condition E 

Molecular Weight Distribution: ASTM D-3593 
Vicat Softening Point: ASTM D-1 525-82 

Shrinkage Values: Shrinkage values are defined to be values obtained by measuring restrained shrink at 90°C. 

10 for five seconds. Four test specimens are cut from a given sample of the film to be tested. The specimens are cut into 
square of 10 cm length in the machine direction by 10 cm. length in the transverse direction. Each specimen is com- 
pletely immersed for 5 seconds in a 90° C. water bath. The specimen is then removed from the water bath and the 
distance between the ends of the shrunken specimen is measured for both the M.D. and TD. directions. The difference 
in the measured distance for the shrunken specimen and the original 10 cm. side is multiplied by 10 to obtain the 

is percent of shrinkage for the specimen in each direction. The shrinkage for the four specimens is averaged for the MD 
shrinkage value of the given film sample, and the shrinkage for the four specimens is averaged for the TD shrinkage 
value. 

Elastic Recovery (Thumb Depression) 

20 

A rigid hollow paperboard circular cylinder having an inner diameter of 7.5 cm, an outer diameter of 9.4 cm, a 
thickness of 0.95 cm, and a depth of 1 .5 cm is overwrapped with a test film. The test film is placed over one of two 
opposing, parallel, planar, circular surfaces (faces) of the cylinder and manually pulled taut about the radial edge of 
the cylinder face with the minimum force necessary to produce a smooth planar surface and the film is secured to the 

25 outer cylinder wall by adhesive tape applied around the outer cylinder surface. 

The overwrapped cylinder is placed on a flat, smooth rigid surface of a table so that the open face of the cylinder 
is against the table and the opposing film covered face is above the table. The center part of the portion of the test film 
which is held in the plane of the circular face of the cylinder is quickly pushed perpendicular to the cylinder face into 
the interior of the cylinder 1.5 cm by a thumb until the thumb firmly presses against the table surface with only the 

30 stretched film interposed therebetween. The thumb is then quickly removed from contact with the film and the degree 
of elastic recovery of the film to its former planar state is evaluated one minute after removal of the deforming force 
and assigned a number form 0.0 to 5.0. 

An assigned value of 0.0 indicates a film having total deformation with no recovery after one minute from removal 
of the depressing thumb force. An assigned value of 5.0 indicates a film having a complete recovery similar to that of 

35 a commercially available PVC film sold for use as a fresh red meat stretch wrap. Assignment of numbers between 0.0 
and 5.0 reflect the rate of recovery, with faster recovery times having higher numbers. All evaluations are made by an 
observer relative to a control film of plasticized PVC. 

Permanent Deformation 

40 

The procedure used in the following examples for measuring permanent deformation was derived from ASTM 
D621 and employs an Instron table model tensile testing machine or equivalent. Four samples are tested for MD 
permanent deformation, and each cut to 12,7 cm (5 inches) MD length and 2,54 cm (1 inch) TD length. Likewise, four 
samples are tested for TD permanent deformation and each cut to 12,7 cm (5 inches) TD length and 2,54 cm (1 inch) 

45 MD length. The chart speed for both the A and B jaws is set at 50,8 cm (20 inches)/minute. The A jaws crosshead 
speed is set at 5,08 cm (2 inchesyminute and the B jaw crosshead speed is set at 50,8 cm (20 inches)/minute. The 
chart pen settings are adjusted so that the crosshead will return to gauge length of 5,08 cm (2 inches) after stretching 
the film 50% of its initial length, i.e. 2,54 cm (1 inch). The B jaw speed of 50,8 cm (20 inchesyminute is run and the 
cross heat returns to its original position after the 50% stretch. This original position is maintained for 30 seconds. Then 

50 the jaw speed of 5,08 cm (2 inchesyminute is run in like manner. When force begins to reappear on the chart, the 
crosshead is returned to the initial gauge length. The chart is read in cm (inches), from the beginning of the test to 
where force reappears, i.e. the pen leaves the baseline. The percent permanent deformation is obtained by multiplying 
the cm (inches) on the chart by 5. The procedure is repeated with the remaining samples, and an arithmetic average 
is calculated. The procedure is otherwise identical to ASTM 621. 

55 

Hot Bar Sealing Range 

The hot bar sealing range test determines the acceptable temperature ranges for heat sealing plastic films using 



15 



EP 0 687 558 B1 



a thermal bar heat sealer. A Sencorp Systems Model 24- AS laboratory sealer manufactured by Sencorp Systems, Inc. 
Hyannis, Massachusetts, U.S.A. was used. The thermal bar heat sealer is equipped with an upper 0,635 cm (1/4 inch) 
wide sealing bar which may be heated to variably controlled temperatures. In this test, two 2,54 cm (one inch) wide 
and 1 0, 1 6 cm (four inch) long (long in the TD direction) samples are cut from a tubular film. The thermal bar heat sealer 
s is equipped with controls for temperature, time, and seal bar pressure. These controls except for temperature are set 
at the following conditions: 

1 .0 seconds dwell time (time that the upper heated jaw is held against the lower one inch (2.54 cm) wide and 
0,9525 cm (3/8 inch) thick fixed platen made of silicone rubber) 
10 50 psi (345 kPa) jaw pressure 

The two film samples are held together with the first outer surfaces of each film in contact with each other for use in 
determining the minimum sealing temperature. The two samples are held together and placed between the upper jaw 
and lower sealing platen of the sealer. The upper jaw and lower platen have glass fiber reinforced covers which are 

is coated with a high temperature resistant, non-stick coating of a fluorocarbon polymer. By trial and error the minimum 
temperature to seal the two film portions to each other was determined by pressing the jaw against the platen at the 
prescribed pressure for the indicated time using various temperature settings. 

The maximum temperature was then determined for a similar film sample having two film portions in first outer 
layer to first outer layer contact by placing the adjoining film portions between the covered sealer jaw and platen, and 

20 then closing the upper seal bar down on the lower platen. The film sample is observed after trial and error applications 
of higher temperatures and the temperature which does not cause a break in the seal, burn-through, or significant 
distortion of the seal is determined. The maximum temperature is the last noted temperature obtained before observing 
a break in the seal integrity. 

25 Molecular Weight/Size Distribution 

Ethylene alpha-olefin copolymers may be partially characterized by their weight average molecular weight (M w ) 
which is determined by multiplying the weight of each chain of a given number of repeat units by the number of such 
chains and dividing by the total weight of chains. Ethylene alpha-olefin copolymers may also be partially characterized 

30 by a number average molecular weight (^ n ), which is derived from the total weight of polymer molecules divided by 
the total number. When both of these are known, they can be used to characterize the shape of the molecular weight 
distribution curve for the copolymer, i.e., the number of polymer chains in a molecular weight interval as the ordinate 
and the molecular weight as the abscissa. Qualitatively, a high M^M,, connotes a wide distribution of molecular weights 
whereas a low M^M,, connotes a narrow distribution. M^/Mf, can be measured by several different techniques, but 

35 as used herein the gel permeation chromatography ("GPC") procedure outlined in ASTM D-3593-80 is used. 

In general, relatively narrow R^/R,, distribution (and low ratio) permits sharper control of physical properties and 
superior optical properties, i.e. relatively high gloss and low haze. However, relatively lowM^M,, ratio value polymers 
are also difficult to process and have a narrow heat sealing range. More particularly, certain specific ethylene alpha- 
olefin copolymers known to applicant as useful in this invention, particularly with respect to film recovery properties, 

40 are characterized by relatively narrow molecular weight distribution and M^Mn values below about 3.0. 

Relatively broad (^aOJM^/M,, distribution, i.e. high ratio, ethylene alpha-olefin copolymers generally have better 
processing characteristics and a broader heat sealing range. These broad distribution materials are also preferably 
used in the invention in combination with the narrow molecular weight materials. Unless otherwise indicated, average 
molecular weight values M w , M n , M 2 are reported values and may be measured by a gel permeation chromatography 

45 method similar to that of ASTM D-3593-80. 

In all of the following examples, unless otherwise indicated herein, the film compositions were produced generally 
utilizing typical blown film manufacturing apparatus and methods as further described in the detailed description above 
and with respect to the drawings and the first outer layer was the inner surface layer of the film if made by the above 
described tubular process. The polymers and additives used were those described in Tables A-C. All percentages are 

50 by weight unless indicated otherwise. 

Examples 1 -5 

Examples 1-3 are comparative examples (not of the invention). Example 1 is a commercially available plasticized 
55 polyvinyl chloride) blown film sold by the Filmco Industries subsidiary of Viskase Corporation under the trademark Hi 
Y Gold. This film contains about 65-70 wt.% polyvinyl chloride) plasticized with about 25-30% by weight plasticizer 
and has less than about 5 wt.% of other additives. Such film is used to package various articles including fresh and 
processed meats. Example 2 is a polyolefin stretch film commercially available under the trademark YUKA Wrap from 
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Mitsubishi Petrochemical Co., Ltd. The film of Example 2 is believed to be a three layer film having an EVA-polybutylene 
blend core layer sandwiched between first and second outer layers comprising EVA. Example 3 is a polyolefin stretch 
film that is commercially available under the trademark Aliprot from Crocco. The film of Example 3 is believed to be a 
three layer film comprising an ethylene a-olefin copolymer core layer sandwiched between first and second outer layers 
5 of EVA. 

Examples 4 and 5 are polyolefin multilayer films of the present invention. The film of Example 5 has an identical 
composition to that of Example 4 except that the layer thickness ratio is different. The coextruded film of Example 4 
had a first outer:core:second outer layer thickness ratio of 50:25:25, whereas the layer ratio for Example 5 was 70:1 5: 
15. The films of Examples 4 and 5 each had a core layer sandwiched between first and second outer layers. Each first 

10 outer layer comprised a blend of two polymers with 4 wt.% of an antifog agent. The first polymer is an ethylene octene- 
1 (C 2 C 8 ) copolymer having at least 75 wt.% of its polymer units derived from ethylene and having a melting point of 
at least 90°C and a density of at least 0.900 g/cm 3 and below 0.915 g/cm 3 The first copolymer used in the first outer 
layer of Examples 4 and 5 was commercially available under the trademark designation DOW XU 61 520.01 from Dow 
Chemical Company (Dow) of Midland, Michigan, U.S.A. and is similar to another product sold by Dow under the trade- 
is mark Attane 4201 except that XU 61520.01 has no added secondary antioxidant. The XU 61520.01 polymer, which 
does contain primary antioxidant, has been reported to have the properties listed in Table A. The second polymer 
present in the first outer layer was a copolymer of ethylene and butene-1 (C 2 C 4 ) having at least 75 wt.% its polymer 
units derived from ethylene, a density less than 0.900 g/cm 3 and a melting point less than 80°C. This second polymer 
is commercially available under the trademark Exact™ 4011 from Exxon Chemical Co. (Exxon) of Houston, Texas, U. 

20 s.A. The Exact 4011 copolymer has been reported to have the properties listed in Table A. The first outer layer of 
Examples 4 and 5 is a blend of 66 wt.% XU 61520.01 (C 2 C 8 ) copolymer with 30 wt.% Exact 4011 (C 2 C 4 ) copolymer 
and 4% of an antifog agent-containing additive sold by the I CI Specialty Chemicals unit of I CI America Inc. of Wilm- 
ington, Delaware under the trademark Atmer® 8112. This additive is believed to contain up to about 20 wt.% of a 
nonionic surfactant in an LDPE base. Thus, the first outer layer contains a polymeric blend of a higher density, higher 

25 melting point, broad molecular weight distribution, higher vicat softening point VLDPE with a lower density, lower melting 
point, narrow molecular weight distribution, lower vicat softening point, ethylene alpha-olefin copolymer. 

The core layer of the films of Examples 4 and 5 comprised a blend of 94 wt.% of an ethylene-butene-1 copolymer 
available under the trademark Exact 3027 with 4% of the aforementioned Atmer 8112 additive and 2% of a slip agent 
containing-additive (antiblock polyethylene master batch) which is sold under the trademark Ampacet 50914 by Am- 

30 pacet Corporation of Tarrytown, New York, U.S.A. Ampacet 50914 contains 5% ethylene-bis-oleamide in an LDPE 
base and functions as a slip and antiblock agent. 

The second outer layer of the films of Examples 4 and 5 comprise a blend of 80% of Exact 3027, 15% of Exact 
401 1 , and 2% of Ampacet A/B 50914 and 3% of a second additive which is available from Ampacet Corporation under 
the trademark Ampacet 100031 . Ampacet 100031 contains about 1.15% of an oleamide and 3% of a fluoroelastomer 

35 in an LDPE base, and functions as a slip agent and processing aid. 

In making the multilayer films of Examples 4 and 5, one extruder was used for each layer and the heat plastified 
resins from each extruder were introduced to a coextrusion die from which the resins were coextruded into a blown 
film. For each of the above three layers, the layer blend constituents preblended in a drum mixer, placed in a hopper, 
then fed from the hopper into an attached standard single screw extruder where the resin and/or mixture was heat 

40 plastified and extruded through a three layer coextrusion die and inflated into a blown film. The extruder barrel tem- 
perature profile for each of the three layers was about 310°F to 390° F (1 54-1 99°C). The extrusion die had an annular 
exit opening of 8 inch (20 cm) diameter with 45 mil (1.14 mm) gap. The coextrusion die temperature was set at about 
400° F (204°C). The extruded multilayer melt was pulled from the die with a pair of opposing nip rolls so that the tube 
passed over a single trapped bubble of air located between the die and nip rolls thereby causing radial expansion of 

45 the tube; simultaneously, the inflated tube was externally and internally cooled. The blow up ratio was about 2:1 . The 
external and internal cooling was with refrigerated air (about 7-1 3°C; 45-55°F) and an internal bubble cooling unit was 
used. The apparatus and process used was similar to that described above with respect to the drawings. 

The cooled blown film was flattened by passage through a pair of nip rollers whose speed was controlled relative 
to the extrusion rate. In Examples 4 and 5, a flattened tube of about 28 inches (71 cm) flat width and 0.6 mil (15 u,m) 

50 thickness was produced. Such variables as the blow up ratio, nip roll speeds, extrusion screw speeds, extrusion rates, 
bubble cooling, are generally adjusted to maximize bubble stability and throughput for the desired amount of film ex- 
pansion and size. The resultant films of Examples 4 and 5 were easily made and had an excellent appearance. The 
tubular film was slit into two sheets and wound on reels. The physical properties of the films were measured and are 
reported in Tables 1 and 2 along with measured values for comparative films 1 -3 (not of the invention). 

55 
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The properties measured and reported in Tables 1 and 2 demonstrate that the inventive films of examples 4 and 
5 (which had a similar thickness to the commercial PVC control film of example 1 ) have similar tensile strength, per- 
manent deformation, oxygen permeability and thumb depression values to the commercial PVC film of example 1. 
Also, examples 4 and 5 of the invention have better optical properties i.e. haze and gloss than the comparative examples 

s 1-3. These improved optical properties provide a package with an improved appearance for retail sale and greater 
clarity to see the packaged product. 

Puncture resistance was also tested and the film of example 4 had dramatically higher puncture resistance relative 
to all three comparative examples. Advantageously, puncture resistant films according to the present invention may 
better prevent puncture during the packaging process or during handling by customers, and prevent puncture by sharp 

10 bones which may be found e.g. on fresh red meat cuts such as T-bone steaks, crown rib roasts, pork or beef ribs or 
other bone-in meat products. 

Examples 4 and 5 also demonstrate superior tensile strength to the comparative multilayer polyolefin films of 
examples 2 and 3. The strength of these films of the invention also makes them more resistant to breakage during 
handling, and puncture by bones. The low machine direction (MD) and transverse direction (TD) shrinkage values for 

is example 4 is believed typical of many embodiments of the present invention where the inventive film is produced by 
the single bubble, blown film process. These low shrinkage values and the high tear strength values are indicative of 
blown films as opposed to films which are manufactured by a more complicated double bubble or tenter frame orien- 
tation process. Advantageously, the hot bar sealing range for example 4 is better than the range for either of the 
comparative polyolefin films of examples 2 and 3. Example 4 has a 60° F (33°C) sealing window and allows seal initiation 

20 at lower temperatures. 

In contrast, the sealing window for comparative examples 2 and 3 is narrower being 50°F (28°C) and 30°F (17°C), 
respectively. Example 5 has a sealing range which is as broad as that for comparative example 2 but with a seal 
initiation beginning at a lower temperature. Example 5 has a hot bar heat sealing range which was measured to be 
20°F (11 °C) broader than the range for the film of example 3 which is believed to contain an ethylene alpha olefin 

25 copolymer in its core layer. The broad sealing range for the inventive films was achieved without subjecting the film to 
special crosslinking procedures such as irradiation by an electron beam. 

The inventive films exhibited much better elastic recovery as seen by the superior thumb depression values which 
for examples 4 and 5 were close to or the same as values obtained for the PVC control film of example 1 . Comparative 
polyolefin multilayer films of examples 2 and 3 had inferior thumb depression values indicative of slower elastic recovery 

30 from finger or thumb pokes relative to the inventive films. The comparative examples 2 and 3 also exhibited poorer 
deformation recovery than examples 4 and 5 as seen by the higher percent permanent deformation values of examples 
2 and 3. Also the inventive films of examples 4 and 5 are much stretchier having much higher elongation at break 
values. These inventive films contain no polyvinyl chloride) i.e., they are polyvinyl chloride) free. They also have a 
permanent deformation of less than 5.0 percent in both the machine and transverse directions. They also have a 

35 permanent deformation of less than 4.0 percent in at least one direction. 

Examples 6-10 

Examples 6-10 are all three layer multilayer polyolefin blown films made using the apparatus and process described 
40 above with respect to examples 4 and 5 except as noted otherwise below. The compositions of each layer are blends 
having the components and amounts indicated in Table 3 below. Examples 6-10 are all examples of the present in- 
vention. Examples 6 and 8 both had layer thickness ratios of 50:25:25 while examples 7, 9 and 1 0 all had layer thickness 
ratios of 70:15:15. All of the examples had identical compositions for the core and second outer layers. The first outer 
layers of examples 6 and 7 were the same in composition and utilized a single, narrow molecular weight, ethylene 
45 alpha-olefin copolymer blended with less that 10% of an antifog agent containing additive. The first outer layer of 
examples 8, 9 and 10 were all blends of a narrow molecular weight distribution (M^M,, <3) ethylene alpha olefin 
copolymer with a broad molecular weight distribution (M^/M,, £3) ethylene alpha olefin copolymer. Examples 8 and 9 
had identical compositions to each other but different layer thickness ratios. Example 10 varied the particular narrow 
M^/Mp copolymer used in the first outer layer and also the relative amounts of the constituents. 
50 The films of examples 6-10 were all produced under similar process conditions using a 2:1 blow up ratio, a similar 

extruder temperate profile (154-199°C ; 310-390°F), die temperature (about 199°C ; 390°F), and cooling conditions. 
Physical properties of the films produced were measured and are reported in Tables 3 and 4. The first outer layer was 
the inner layer of the blown film tube. 
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The properties measured and reported in Tables 3 and 4 demonstrate production of films which are strong with 
good tear strength, high oxygen permeability which is sufficient to allow red meat bloom, and low water permeability 
to prevent moisture loss from water containing products wrapped in the present film. All of the inventive films have 
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excellent optical properties with low haze and high gloss, and have excellent elastic properties exhibiting low permanent 
deformation values and excellent recovery from finger pokes as shown by thumb depression values similar to those 
obtained for plasticized PVC film. 

Heat shrinkability was measured for example 10 and it is seen that the beneficial properties reported are found in 

s a low shrink, stretch film which does not require heat shrinking apparatus for either use or for optimum properties. The 
films of examples 6-9 (as well as all the other examples of the invention presented herein) are all expected to have 
similar shrinkage values to those obtained for example 10. In particular, the transverse direction (TD) shrinkage value 
is low, well below 10%, preferably below 5% and in the case of example 10 being about 1% and thereby being an 
indication that the instant film was made using a process where the extruded polymer is enlarged into a film from the 

10 polymer melt. 

It is seen that the examples which utilize a first outer layer blend of broad and narrow molecular weight distribution 
polymers have higher burn through temperatures and the films of examples 8 and 1 0 especially have a broader sealing 
range than the film of examples containing only the narrow molecular weight distribution C 2 cc-olefin copolymer. Ex- 
amples 6-10 all utilize very low density polyethylene copolymer (VLDPE) in each of the three layers, with a blend of a 
is 0.900 g/cm 3 density C 2 C 4 VLDPE copolymer having a high melting point of about 92°C with a 0.888 g/cm 3 density 
C 2 C 4 copolymer having a low melting point of about 66°C. 

Examples 11-17 

20 Example 1 1 is a commercially available heat shrinkable multilayer polyolefin food wrap film sold by Asahi Chemical 

Industry Co., Ltd. of Tokyo, Japan under the trademark Suntec-C. It is believed to be a three layer film having EVA 
outer layers on both sides of a polypropylene core layer. The physical properties of this film were tested and are reported 
in Tables 5 and 6. Examples 12-14 are comparative examples (not of the invention). Examples 15-17 are examples of 
the invention. 

25 Example 1 2 is a three layer coextruded film having EVA containing core and second outer layers and a first outer 

layer comprising a blend of (a) 43 wt.% of an ethylene octene-1 copolymer (Attane XII 61520.01) having at least 80 
wt.% of its polymer units derived from ethylene, and having a melting point of at least 90°C and a density of at least 
about 0.900 and less than 0.915 g/cm 3 ; (b) 40 wt.% of an ethylene butene-1 copolymer (Exact 4011 ) having at least 
75 wt.% of its polymer units derived from ethylene, and having a melting point less than about 80° C and a density less 

30 than 0.900 g/cm 3 ; (c) 15 wt.% of a copolymer of propylene and ethylene (now available as Shell DS6-D81 ) having at 
least 80 wt.% of its polymer un its derived from propylene; and (d) 2 wt.%. of an antifog containing additive (Atmer 81 1 2). 

Example 13 is a three layer polyolefin film having a polybutylene (<1% C 2 ) copolymer core layer, an ethylene 
acrylic acid copolymer first outer layer, and a second outer layer comprising a blend of (a) 84 wt.% of an ethylene 
octene-1 copolymer (Attane XU 61520.01) having at least 80 wt.% C 2 polymer units, a melting point of at least 90°C 

35 and a density of at least 0.900 g/cm 3 and less than 0.91 5 g/cm 3 , (b) 10 wt.% of an ethylene butene-1 copolymer (Exact 
4011) having at least 75 wt.% of its polymer units derived from ethylene, a melting point less than about 80°C and a 
density less than 0.900 g/cm 3 and 6 wt.% of additives containing slip agents. 

Example 1 4 is a three layer film having an EAA first outer layer similar to example 1 3 above. The second outer 
layer comprises a blend of (a) 80 wt.% Exact 3027 C 2 C 4 VLDPE copolymer having a density of at least about 0.900 

40 g/cm 3 and below 0.915 g/cm 3 , and having at least 75 wt.% of its polymer units derived from ethylene and having a 
melting point of at least about 90°C, (b) 15 wt.% of Exact 4011 (as described in example 12), and (c) about 5% of slip- 
agent containing additives. The core layer comprises a blend of (a) about 90 wt.% of the Exact 3027 polymer with (b) 
6 wt.% Exact 4011 polymer and (c) 4 wt.% of slip and antifog containing additives. 

Examples 15-17 are all examples of the invention having identical core and second outer layer compositions; the 

45 first outer layer compositions vary. All three first outer layers are each a blend of three copolymers with an antifog agent 
containing additive. In each instance the majority of the first outer layer comprises a VLDPE having a density of at 
least 0.900 g/cm 3 and below 0.915 g/cm 3 and having a melting point of at least 90^. Blended with this VLDPE is a 
low melting point (less than about 80°C) substantially linear ethylene alpha olefin copolymer having a density less than 
0. 900 g/cm 3 . The third component of the blend varies. In Example 1 5, the third component is a polybutylene copolymer 

so having less than about 1% ethylene. In example 16 the third component comprises an ethylene propylene rubber 
having a propylene content of about 32%. In example 17 the third component comprises a propylene ethylene copol- 
ymer having at least 80 wt.% of its polymer units derived from propylene. 

The particular materials, amounts and additives described above for examples 1 2*1 7 were used to make blown 
films using the blown film process substantially as described above for Examples 4 and 5 (except as noted). The 

55 extruder and die temperatures for all examples 12-17 were set at about 350°F (177°C) and the films all had a layer 
thickness ratio of about 70:15:15. Cooling air temperatures ranged from about 44-75°F (7-24°C) and the blow up ratio 
was about 2: 1 . Physical properties for the resultant blown films were measured and are reported in Tables 5 and 6 betow. 
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The properties measured and reported in Tables 5 and 6 show the commercially available polypropylene and EVA 
shrink film of example 1 1 has excellent elastic, strength and optical properties. Advantageously, films of the present 
invention (examples 15-17) need not be made by the expensive and relatively complicated biaxial stretching process 
required to produce the 90°C heat shrinkable film of example 11; yet the inventive films have good strength, elastic 

5 deformation and optical properties. Also, beneficially the inventive films have greater resistance to tearing as shown 
by the higher tear strength values, and also have greater stretchability as demonstrated by the high elongation at break 
properties. Other advantages of the inventive films with respect to machinability and use on automatic packaging 
machines and relative to the heat shrinkable Suntec-C film are apparent from further testing described below. 

Example 17 is a particularly beneficial embodiment of the present invention. The inventive film of example 17 

10 exhibits a good combination of cutability (i.e., ease of being cut or severed by knives), particularly in the transverse 
direction, puncture resistance, elastic properties such as thumb depression recovery, a similar oxygen permeability to 
plasticized PVC (which is sufficient to allow red color blooming in packaged fresh red meat), excellent optical properties 
(low haze and high gloss), and a wide hot bar seal range of about 100°F (55.5°C), in a blown stretch film. 

Examples 15 and 16 are formula variations having a generally similar combination of properties to Example 17 

15 but a narrower sealing temperature range, and less favorable optical properties. Machinability on automatic packaging 
equipment is also less favorable than the preferred film of example 17. 

Comparative example 12 had a first outer layer formulation similar to those found useful in the inventive film, but 
with a core layer and second outer layer comprising an ethylene vinylacetate copolymer. This comparative film also 
had a wide seal range, low permanent deformation, high tear strength, and was free from stretch marks, but the optical 

20 properties were less favorable than those of preferred example 17 and, as seen below, the machinability i.e., function- 
ality on packaging equipment was markedly inferior. 

Comparative examples 13 and 14, both utilized EAA based first outer layers. In the case of example 14, the core 
and second outer layers were similar to formulations used successfully in the multilayer films of the present invention. 
In the case of example 13, the second outer layer was a similar formulation to those found useful in the inventive films 

25 but the core layer was a polybutylene based copolymer. Both of comparative examples 1 3 and 1 4 had inferior optical 
properties (high haze and low gloss) relative to the inventive films of examples 15-17. The film of example 1 3 also had 
a poor MD permanent deformation value. 

The comparative films 11-14 and inventive films 15-17 were all subjected to a machine packaging test using a 
stretch wrap packaging machine manufactured by the Waldyssa Company of Lugano, Switzerland under the trademark 

30 Waldyssa W40. This machine is fitted with a serrated knife which makes a complete cut across the film (transverse 
direction). Four medium sized apples were packaged on an expanded polystyrene tray using each of the test films. 
Each film was stretched approximately 10% over the apple and tray packages. Unless otherwise noted, 25 packages 
(each having four apples on a tray) were made using each film. The packaging operation was observed and the films 
were evaluated for performance including the presence or absence of holes (splits) in the packaged film, ability to cut 

35 the film with the machine's knife (cut), splitting by or at the side clamps, ease of stretching to provide a sufficient amount 
of film around the package (stretch), ability of the film to fold properly (fold), heat sealability (seal), cling, strength, and 
appearance. Defects such as splitting of the film are the most serious and detrimental because the packaged product 
is exposed to the environment which may have a bad effect on the packaged good. Other problems associated with 
openings in the packaged film surface include cross-contamination of ready to eat foods with raw foods, particularly 

40 meat and poultry, which are intended to be cooked before consumption, and consumer perception of an inferior product 
that has been dropped, tampered with, or otherwise damaged. 

The machine was set up for testing and two sets of 25 packages of four apples per tray were packaged using a 
commercially produced plasticized PVC film as a control. The first set of 25 stretch wrapped trays produced twenty 
acceptable packages and five containing medium to large size holes. The second set of twenty-five packages produced 

45 twenty-one acceptable packages and four packages containing small to large holes. The results of packaging with the 
test films of examples 11-13 and 15-17 are reported in Table 7. The film of example 1 4 was not tested on the packaging 
machine due to a problem in rewinding the film which resulted in a crushed core. 
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As noted above with respect to the machinability packaging test a plasticized PVC film having a nominal thickness 
of 60 gauge (15.4 microns) was tested by wrapping two sets of 25 packages. Each package contained four medium 
sized apples on a rectangular tray made of expanded polystyrene. Use of this PVC film which is commercially available 
under the trademark Fresh Wrap PS-E by Filmco International Ltd. Sedgefield England on the Waldyssa W40 packaging 

5 machine resulted in 41 acceptable packages and 9 packages having small to large holes thereby yielding an 82% 
acceptable packaging rate (18% failures). The normal rate of this PVC film on this equipment is 6% or less, therefore 
the test set up forjudging machinability presented a harsh test. As indicated above, about 10% stretch was required 
to package four medium sized apples on the tray. However, stretch requirements may range e.g., from 10 to 20%. The 
10% value is only a guide because in practice levels of stretch will vary around the package and may be locally higher 

10 than average. All of the polyolefin films tested, except the comparative film 11 , exhibited stretch marks where the yield 
point was exceeded on two sides of the package. 

Example 17 of the present invention yielded the best results of the polyolefin film tested relative to PVC film. This 
film produced the highest percentage of acceptable packages (92%). The inventive film exhibited good cling, folding, 
sealing, strength and appearance properties in packages use. Ability to cut the film with the machine's knife was fair. 

15 While stretching the film was difficult relative to PVC film, a first set of 25 packages were made and all were acceptable. 
In view of the excellent machinability, a second set of 24 packages were made and 20 of the 24 packages were ac- 
ceptable with only four packages suffering from fold defects. There was no splitting of the film and no holes in any of 
the 49 test packages run. In the context of this test "poor folds" refer to bunching of the film under the package which 
may often result in other failures. 

20 The commercial heat shrinkable polyolefin multilayer film of example 11 (Suntec-C) was very difficult to grip for 

cutting. The film was observed to slip badly in the machine grippers. The machine failed to pick up the leading edge 
of the film on 50% of the packages resulting in a 50% failure to package. There were other failures due to lack of stretch 
and other problems. It is believed, without wishing to be bound by the belief, that this pickup failure may be related to 
high stiffness and toughness of the film which in turn is related to its being a highly oriented film which is indicated by 

25 its being heat shrinkable at low temperatures e.g., this film has at least 30% shrinkage in both MD and TD directions 
at 90°C. No stretch marks were observed with this film. 

The film of comparative example 12 utilized a first outer layer similar to that of the inventive films but core and 
second outer layers of EVA. This film performed very poorly; there was 100% failure to package with poor cutting by 
knife, poor folding, burn-through on the seals, and film splitting by the side clamps. The film was evaluated as being 

30 very weak and totally unacceptable for machine packaging. 

The film of comparative example 13 was very difficult to cut, similar to comparative example 11. It also had poor 
gloss and transparency, and an undesirably low level of cling. This film was weak and did not machine well; only one 
of the 25 test packages was acceptably produced. Very good folding and sealing, and good stretch was evident, but 
there was splitting by the side clamps which resulted in an unacceptable failure rate of 96%. 

35 Examples 15 and 16 of the invention had machinability rates under these harsh conditions of 64% and 24% ac- 

ceptable packages respectively. For example 15, eight of the nine defective packages had bad folding; only one ex- 
hibited split film. In example 16 all 19 of the defective packages were due to split film. Other properties noted in the 
table ranged from fair to good except both had poor folding behavior and the strength of example 1 6 films were evaluated 
as poor. The poor folding is believed to be attributable to the easy stretching of the film. 

40 The above test demonstrated the superiority of the inventive film of example 17 to all the comparative examples. 

The films of examples 1 5 and 1 6 although not as good as example 1 7 were better than the comparative examples and 
demonstrated that acceptable packages could be made in the harsh test of machine packaging. 

Advantageously, it is seen that embodiments of the present invention may have excellent optical properties includ- 
ing gloss values at 45° of at least 70 Hunter Units (HU), preferably at least or greater than 80 HU, and low haze values 

45 of less than 5.0 percent, preferably less than 3.0 percent. Also, a hot bar heat sealing range of at least 1 6°C, preferably 
at least 30°C, more preferably at least 50°C may be obtained with a burn-through temperature of at least 125°C. 

Examples 18-19 

50 Additional inventive films were made by a process similar to that disclosed above for examples 4 and 5, except 

as noted. The die temperature was set at about 370°F (188°C) and blown film having a flattened tube width of about 
70,16 cm (24 inches) was produced. Properties of the film were measured and are reported in Tables 8 and 9 along 
with the layer composition. 
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The films of example 18 and 1 9 are believed to have a high monomer extractable content because of use of more 
than 40 wt. % of an ethylene butene-1 copolymer having a density less than 0.900 g/cm 3 and a melting point less than 
70°C. Therefore these films of examples 18 and 19 while suitable for packaging nonfood items are believed to be not 
so appropriate for use in food content applications according to U.S. government regulations. However, the above test 
results demonstrate that these films have excellent thumb depression values, low permanent deformation, low haze 
and good gloss. Such films are believed to have utility as an overwrap for articles in which the film is not in contact 
with food. 

55 Examples 20-22 

Additional inventive three layer films were made by a process similar to that disclosed above for examples 4 and 
5, except as noted. The extruder and die temperatures for examples 20-21 were in the range of 300-350°F (1 49-1 77°C). 
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Example 22 utilized the extruder temperatures of about of about 395°F (202°C). Internal and external cooling air tem- 
peratures ranged from about 50-66°F (10-19°C) for examples 20-22 was about 25 inches (63.5 cm). The layer com- 
position and thickness ratios are reported in Table 9. Physical properties for the resultant blown films were measured 
and are reported in Tables 10 and 11 below. 
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Examples 20-22 all demonstrate good physical properties. In particular, examples 20 and 22, both of which utilize 
the same formulation as the thickest layer of the film (being the core layer for example 20 and the first outer layer for 
22), have desirably broad hot bar sealing ranges of about 90°F (32°C) and advantageously have a high maximum 
temperature before burn-through or breaking. The higher content of component (e) which has a high melting point and 

50 broad molecular weight distribution is believed to contribute to a higher value for the maximum sealing range temper- 
ature of examples 20 and 22. The higher content of component (a) which has a narrow molecular weight distribution 
and a lower melting point than (e) is believed to produce a lower minimum temperature for the sealing range. Also, 
notable are the excellent thumb depression elastic recovery values for all samples. 

Further modifications of the invention will be apparent to those skilled in the art and all such modifications are 

55 deemed to be within the scope of the invention as defined in the following claims. 
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Claims 

1. A polyolefin, multilayer flexible film having at least three layers comprising: 

B a first outer layer comprising at least one copolymer of ethylene and at least one C 3 -C 8 alpha-olefin, said 

copolymer having at least 75 weight percent of its polymer units derived from ethylene, and said copolymer 
having a density of at least 0.900 g/cm 3 and below 0.915 g/cm 3 , and a melting point of at least 90°C; 
a core layer comprising at least one copolymer of ethylene and at least one C 3 -C 8 alpha-olefin, said copolymer 
having at least 75 weight percent of its polymer units derived from ethylene, and said copolymer having a 

10 density of at least 0.900 g/cm 3 and below 0.91 5 g/cm 3 and a melting point of at least 90°C; and 

a second outer layer comprising a blend of (a) a first copolymer of ethylene and at least one C 3 -C 8 alpha- 
olefin, said first copolymer having at least 75 weight percent of its polymer units derived from ethylene, and 
said copolymer having a density below 0.915 g/cm 3 , and a melting point of at least 90°C, and (b) a second 
copolymer of ethylene and at least one C 3 -C 8 alpha-olefin said second copolymer having at least 75 weight 

is percent of its polymer units derived from ethylene, and having a density less than 0.900 g/cm 3 , and a melting 

point less than 80° C; wherein said core layer is disposed between said first and second outer layers and said 
multilayer film has less than 10% unrestrained shrinkage at 90°C in at least one direction. 

2. A film, as defined in claim 1 , wherein said first outer layer comprises a blend of said copolymer with a second 
20 copolymer of ethylene and at least one C 3 -C 8 alpha-olefin, said second copolymer having at least 75 weight percent 

of its polymer units derived from ethylene, and having a density less than 0.900 g/cm 3 , and a melting point less 
than 80°C. 

3. A film, as defined in claim 1 , wherein said core layer further comprises a second copolymer of ethylene and at 
25 least one C 3 -C 8 alpha-olefin, said second copolymer having at least 75 weight percent of its polymer units derived 

from ethylene, and having a density less than 0.900 g/cm 3 , and a metting point less than 80°C in a blend with said 
copolymer having a melting pint of at least 90°C. 

4. A film, as defined in claim 1 , wherein said copolymer of said core layer has at least 80 weight percent of its polymer 
30 units derived from ethylene. 

5. A film, as defined in claim 1 , wherein said first copolymer of said second outer layer has at least 80 weight percent 
of its polymer units derived from ethylene. 

35 6. A film, as defined in claim 1 , wherein said second copolymer of said second outer layer has at least 80 weight 
percent of its polymer units derived from ethylene. 

7. A film, as defined in claim 1 , wherein said copolymer of said first outer layer has at least 80 weight percent of its 
polymer units derived from ethylene. 

40 

8. A film, as defined in claim 2, wherein said second copolymer of said first outer layer has at least 80 weight percent 
of its polymer units derived from ethylene. 

9. A film, as defined in claim 2, wherein said first outer layer of said film further comprises a copolymer of propylene 
45 and ethylene having at least 80 weight percent of its polymer units derived from propylene. 

10. A film, as defined in claim 3, wherein said core layer of said film further comprises a copolymer of propylene and 
ethylene having at least 80 weight percent of its polymer units derived from propylene. 

so 11. A film, as defined in claim 1 , wherein said first outer layer comprises an inner layer of a tube. 

12. A film, as defined in claim 1, wherein said film comprises a blown film. 

13. A film, as defined in claim 1, wherein said at least one copolymer of said first outer layer comprises at least 70 
55 weight percent of said first outer layer. 

14. A film, as defined in claim 1 , wherein said at least one copolymer of said core layer comprises at least 85 percent 
by weight of said core layer. 



34 



EP 0 687 558 B1 



15. A film, as defined in claim 1 , wherein said copolymer of said core layer comprises at least 90 percent by weight 
of said core layer. 

16. A film, as defined in claim 1 , wherein said film consists essentially of three layers with said first and second outer 
5 layers being directly adhered to opposing sides of said core layer. 

17. A film, as defined in claim 1 , wherein said copolymer of said first outer layer has a narrow average molecular weight 
distribution M^M,, <3. 

10 18. A film, as defined in claim 1 , wherein said copolymer of said core layer has a narrow average molecular weight 
distribution M^/M,, <3. 

19. A film, as defined in claim 1 , wherein at least one of said first layer and said core layer comprises a blend of (i) an 
ethylene alpha-olefin copolymer having a narrow average molecular weight distribution M^fi^ of less than 3 with 

is (ii) an ethylene alpha-olefin copolymer having an average molecular weight distribution M^/Mp of at least 3. 

20. A film, as defined in claim 2, wherein said copolymer having a melting point of at least 90°C of said first outer layer 
has an average molecular weight distribution ^J^ n of at least 3, and said second copolymer of said first outer 
layer blend has an average molecular weight distribution MjfA n <3. 

20 

21. A film, as defined in claim 3, wherein said copolymer having a melting point of at least 90°C of said core layer has 
an average molecular weight distribution M^/M^ of at least 3, and said second copolymer of said core layer blend 
has an average molecular weight distribution M^/M,, <3. 

25 22. A film, as defined in claim 1 , wherein said first and second copolymers of said second outer layer both have a 
narrow average molecular weight distribution M^/M,, <3. 

23. A film, as defined in claim 1 , wherein said first and second copolymers of said second outer layer have different 
average molecular weight distributions with one of said copolymers having an M^/Mf, <3 and the other copolymer 

30 having an fJiJfli n > 3. 

24. A film, as defined in claim 1 , wherein said direction is a transverse direction. 

25. A film, as defined in claim 1, wherein said multilayer film has less than 5% unrestrained shrinkage at 90°C in a 
35 transverse direction. 

26. A film, as defined in claim 1 , wherein said multilayer film has an unrestrained shrinkage of less than 10% at 90°C 
in both machine and transverse directions. 

40 27. A film, as defined in claim 1 , having a total multilayer film thickness of between 8 and 30 (jim). 

28. A film, as defined in claim 1 , having a total multilayer film thickness of between 12 and 20 (fim). 

29. A film, as defined in claim 1 , having a total multilayer film thickness of which at least one of said first outer layer 
45 and said core layer comprises between 30 and 70%. 

30. A film, as defined in claim 27, having a total multilayer film thickness of which said core layer comprises between 
50 and 70%. 

so 31. A film, as defined in claim 27, having a total multilayer film thickness of which said first outer layer comprises 
between 50 and 70%. 

32. A film, as defined in claim 1 , wherein at least one of said copolymers of ethylene and at least one C 3 -C 8 alpha- 
olefin comprises a copolymer of ethylene and a C 6 -C 8 alpha-olefin. 

55 

33. A film, as defined in claim 1 , wherein at least one of said copolymers of ethylene and at least one C 3 -C 8 alpha- 
olefin comprises a copolymer of ethylene and octene-1 . 
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34. A film, as defined in claim 1 , wherein at least one of said first outer layer and said core layer includes at least one 
copolymer of ethylene and octene-1 having at least 75 weight percent of its polymer units derived from ethylene 
and having a density below 0.915 g/cm 3 . 

s 35. A film, as defined in claim 1 , wherein said copolymer having a melting point of at least 90° C of at least one of said 
first outer layer and said core layer comprises a copolymer of ethylene and octene-1 . 

36. A film, as defined in claim 1 , wherein said core layer is comprised of at least 40 weight % of said copolymer. 

10 37. A film, as defined in claim 1 , wherein said copolymer of said core layer comprises at least 70 weight % of said 
copolymer. 

38. A film, as defined in claim 3, wherein said core layer comprises at least 60 weight % of said copolymer having a 
melting point of at least 90° C, and comprises < 40 weight percent of said second copolymer. 

15 

39. A film, as defined in claim 2, wherein said first outer layer comprises at least 60 weight % of said copolymer having 
a melting point of at least 90° C, and comprises < 40 weight percent of said second copolymer. 

40. A film, as defined in claim 1 , wherein said second outer layer comprises at least 70 weight % oi said first copolymer. 

20 

41. A film, as defined in claim 1, wherein said second outer layer comprises less than 30 weight % of said second 
copolymer. 

42. A film, as defined in claim 1 , wherein said second outer layer comprises between 70 to 85 weight percent of said 
25 first copolymer and about 1 5 to 30 weight percent of said second copolymer. 

43. A film, as defined in claim 9, wherein said copolymer of propylene and ethylene having at least 80 weight percent 
of its polymer units derived from propylene is present in said core layer is an amount between 2 to 15 weight 
percent of said core layer. 

30 

44. A film, as defined in claim 9, wherein said copolymer of propylene and ethylene, having at least 80 weight percent 
of its polymer units derived from propylene, has a melting point of at least 130°C. 

45. A film, as defined in claim 10, wherein said copolymer of propylene and ethylene, having at least 80 weight percent 
35 of its polymer units derived from propylene, has a melting point of at least 1 30° C. 

46. A film, as defined in claim 1 , wherein said copolymer of said core layer has a melting point at least 30°C greater 
than the melting point of (i) any polymer or combination of polymers in said first outer layer which polymer or 
combination of polymers comprise at least 80 weight percent of said first outer layer, and (ii) any polymer or com- 

40 bination of polymers in said second outer layer which polymer or combination of polymers comprises at least 80 

weight percent of said second outer layer. 

47. A film, as defined in claim 1 , wherein said copolymer of said first outer layer has a melting point at least 30° C 
greater than the melting point of (i) any polymer or combination of polymers in said first core layer which polymer 

45 or combination of polymers comprise at least 80 weight percent of said core layer, and (ii) any polymer or combi- 

nation of polymers in said second outer layer which polymer or combination of polymers comprises at least 80 
weight percent of said second outer layer. 

48. A film, as defined in claim 1, wherein said copolymer of said core layer has a melting point greater than 110°C. 

50 

49. A film, as defined in claim 1, wherein said copolymer of said first outer layer has a melting point greater than 110°C. 

50. A film, as defined in claim 20, wherein said copolymer having a melting point of at least 90° C of said first outer 
layer has a melting point greater than HO^C. 

55 

51. A film, as defined in claim 21, wherein said copolymer having a melting point of at least 90°C of said core layer 
has a melting point greater than 110°C. 
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52. A film, as defined in claim 1 , wherein said copolymer of said first outer layer has a melting point between 90 to 110°C. 

53. A film, as defined in claim 1 , wherein said copolymer of said core layer has a melting point between 90 to 110°C. 

54. A film, as defined in claim 1 , wherein said first copolymer of said second outer layer has a melting point between 
90 and 95°C. 

55. A film, as defined in claim 1 , wherein said second copolymer of said second outer layer has a melting point which 
is£50°C and^80°C. 

56. A film, as defined in claim 1 , wherein said film is polyvinyl chloride) free and has a permanent deformation of less 
than 5.0 percent in both machine and transverse directions. 

57. A film, as defined in claim 1 , wherein said film is polyvinyl chloride) free and has a permanent deformation of less 
is than 4.0 percent in at least one direction. 

58. A film, as defined in claim 1, wherein said first outer layer further comprises an antifog agent in an amount up to 
4 weight percent of said layer. 

20 59. A film, as defined in claim 1 , wherein said core layer further comprises an antifog agent in an amount up to 4 weight 
percent of said layer. 

60. A film, as defined in claim 1 , wherein both said first outer layer and said core layer each further comprise an antifog 
agent in an amount up to 4 weight percent based upon each respective layer weight. 

25 

61. A film, as defined in claim 1 , wherein said antifog agent comprises a nonionic surfactant in a polyolefin carrier. 

62. A film, as defined in claim 1 , wherein said first outer layer consists essentially of said copolymer blended with, from 
0 to 10% by layer weight of an antifog agent and from 0 to 10% by layer weight of a slip agent. 

63. A film, as defined in claim 1 , wherein said first and second outer layers each further comprise a slip agent blended 
therein. 

64. A film, as defined in claim 1 , wherein said film has a haze of less than 5.0 percent. 

65. A film, as defined in claim 1 , wherein said film has a haze of less than 3.0 percent. 

66. A film, as defined in claim 1 , wherein said film has a gloss at 45° of at least 70 Hunter units. 

40 67. A film, as defined in claim 1 , wherein said film has a gloss at 45° that is greater than 80 Hunter units. 

68. A film, as defined in claim 1 , wherein said film has a hot bar heat sealing range of at least 1 6°C with a burn through 
temperature of at least 125°C. 

45 69. A film, as defined in claim 1, which is irradiativety crosslinked. 

70. A film, as defined in claim 1, which is substantially uncrosslinked. 

50 Patentanspruche 

1. Mehrschichtige flexible Folie aus Polyolefin mit wenigstens drei Schichten, enthaltend: 

eine erste auBere Schicht mit wenigstens einem Copolymer aus Ethylen und wenigstens einem C 3 -C 8 ce- 
ss Olefin, wobei wenigstens 75 Gew.-% der Polymereinheiten des Copolymeren aus Ethylen abgeleitet sind und 
dieses Copolymere eine Dichte von wenigstens 0,900 g/cm 3 und unter 0,915 g/cm 3 und einen Schmelzpunkt 
von wenigstens 90 °C hat; 

eine Kemschicht, die wenigstens ein Copolymeres aus Ethylen und wenigstens ein C 3 -C 8 oc-Olefin aufweist, 
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das Copolymere wenigstens zu 75 Gew.-% seiner Polymereinheiten aus Ethylen besteht und wobei dieses 
Copolymere eine Dichte von wenigstens 0,900 g/cm 3 und weniger als 0,915 g/cm 3 und einen Schmelzpunkt 
von wenigstens 90 °C aufweist; und 
eine zweite auGere Schicht, enthaltend ein Gemisch aus 

5 

(a) einem ersten Copolymer aus Ethylen und wenigstens einem C 3 -C 8 a-olefin, wobei das erste Copoly- 
mere zu wenigstens 75 Gew.-% seiner Polymereinheiten aus Ethylen besteht und dieses Copolymere 
eine Dichte von weniger als 0,915 g/cm 3 und einen Schmelzpunkt von wenigstens 90°C hat, und 

(b) einem zweiten Copolymer aus Ethylen und wenigstens einem C 3 -C 8 a-Olefln, wobei das zweite Co- 
10 polymer zu wenigstens 75 Gew.-% seiner Polymereinheiten aus Ethylen besteht und dieses zweite Cop- 
olymere eine Dichte von weniger als 0,900 g/cm 3 und einen Schmelzpunkt von weniger als 80 °C hat; 

wobei die Kernschicht zwischen der ersten und der zweiten auGeren Schicht angeordnet ist und die mehr- 
schichtige Folie weniger als 10% ungehinderte Schrumpfung bei 90°C in wenigstens einer Richtung autweist. 

15 

2. Folie nach Anspruch 1, bei der die erste auGere Schicht ein Gemisch dieses Copolymeren mit einem zweiten 
Copolymer aus Ethylen und wenigstens einem C 3 -C 8 a-olefin enthalt, das zweite Copolymere zu wenigstens 75 
Gew.-% seiner Polymereinheiten aus Ethylen besteht und das zweite Copolymere eine Dichte von weniger als 
0,900 g/cm 3 und einen Schmelzpunkt von weniger als 80 °C hat. 

20 

3. Folie nach Anspruch 1 , bei der die Kernschicht zusatzlich als Gemisch mit dem Copolymeren mit einem Schmelz- 
punkt von wenigstens 90 °C ein zweites Copolymeres aus Ethylen und wenigstens ein C 3 -C 8 a-Olefin enthalt, 
wenigstens 75 Gew-% der Polymereinheiten des zweiten Copolymeren von Ethylen abgeleitet sind und das zweite 
Copolymere eine Dichte von weniger als 0,900 g/cm 3 und einen Schmelzpunkt von weniger als 80 °C hat. 

25 

4. Folie nach Anspruch 1 , bei der wenigstens 80 Gew.-% der Polymereinheiten des Copolymeren der Kernschicht 
von Ethylen abgeleitet sind. 

5. Folie nach Anspruch 1, bei der das erste Copolymere der zweiten auGeren Schicht wenigstens 80 Gew.-% der 
30 Polymereinheiten von Ethylen abgeleitet sind. 

6. Folie nach Anspruch 1, bei der das zweite Copolymere der zweiten auGeren Schicht wenigstens 80 Gew.-% der 
Polymereinheiten von Ethylen abgeleitet sind. 

35 7. Folie nach Anspruch 1 , bei der das Copolymere der ersten auGeren Schicht wenigstens 80 Gew-% der Polymer- 
einheiten von Ethylen abgeleitet sind. 

8. Folie nach Anspruch 2, bei der das zweite Copolymere der ersten auGeren Schicht wenigstens 80 Gew.-% der 
Polymereinheiten von Ethylen abgeleitet sind. 

40 

9. Folie nach Anspruch 2, bei der die erste auGere Schicht der Folie zusatzlich ein Copolymeres aus Propylen und 
Ethylen enthalt, in dem wenigstens 80 Gew.-% der Polymereinheiten von Propylen abgeleitet sind. 

10. Folie nach Anspruch 3, bei der die Kernschicht der Folie zusatzlich ein Copolymeres aus Propylen und Ethylen 
45 enthalt, in dem wenigstens 80 Gew.-% der Polymereinheiten von Propylen abgeleitet. 

11. Folie nach Anspruch 1, bei der die erste auGere Schicht eine innere Schicht eines Schlauches enthalt. 

12. Folie nach Anspruch 1, bei der die Folie eine Biasfolie enthalt. 

so 

13. Folie nach Anspruch 1, bei der wenigstens ein Copolymeres der ersten auGeren Schicht wenigstens 70 Gew-% 
der ersten auGeren Schicht ausmacht. 

1 4. Folie nach Anspruch 1 , bei der wenigstens das genannte Copolymere der Kernschicht wenigstens 85 Gew.-% der 
55 Kernschicht ausmacht. 

1 5. Folie nach Anspruch 1 , bei der das genannte Copolymere der Kernschicht wenigstens 90 Gew.-% der Kernschicht 
ausmacht 
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16. Folie nach Anspruch 1, bei der die Folie im wesentlichen aus drei Schichten besteht, wobei die erste und zweite 
auBere Schicht direkt an den gegenuberliegenden Selten der Kernschicht haften. 

17. Folie nach Anspruch 1 , bei der das Copolymere der ersten auBeren Schicht eine enge durchschnittliche Moleku- 
largewichtsverteilung M^/M,, < 3 hat. 

18. Folie nach Anspruch 1, bei der das Copolymere der Kernschicht eine enge durchschnittliche Mole ku large wichts- 
verteilung M w /M n < 3 hat. 

19. Folie nach Anspruch 1 , bei der wenigstens die erste Schicht und/oder die Kernschicht ein Gemisch aus (i) einem 
Ethylen-a-Olefin-Copolymeren mit einer engen durchschnittlichen Molekulargewichtsverteilung M^M,, von weni- 
ger als 3 mit (ii) einem Ethylen-a-Olefin-Copolymeren mit einer durchschnittlichen Molekulargewichtsverteilung 
Mv/Mp von wenigstens 3 enthalt. 

20. Folie nach Anspruch 2, bei der das Copolymere der ersten auBeren Schicht mit einem Schmelzpunkt von wenig- 
stens 90 °C eine durchschnittliche Molekulargewichtsverteilung M^/M,, von wenigstens 3 und das zweite Copoly- 
mere des Gemisches der ersten auBeren Schicht eine durchschnittliche Molekulargewichtsverteilung IvyMp < 3 
hat. 

21. Folie nach Anspruch 3, bei der das Copolymere der Kernschicht mit einem Schmelzpunkt von wenigstens 90 °C 
eine durchschnittliche Molekulargewichtsverteilung M^/M,, von wenigstens 3 und das zweite Copolymere des Ge- 
misches der Kernschicht eine durchschnittliche Molekulargewichtsverteilung M^/Mp < 3 hat. 

22. Folie nach Anspruch 1, bei der sowohl das erste als auch das zweite Copolymere der zweiten auBeren Schicht 
eine enge durchschnittliche Molekulargewichtsverteilung M^/M,, < 3 haben. 

23. Folie nach Anspruch 1 , bei der das erste und zweite Copolymere der zweiten auBeren Schicht verschiedene durch- 
schnittliche Molekulargewichtsverteilungen haben, wobei eines der Copolymere ein ^/^A n < 3 und das andere 
Copolymere ein M^^/Mp > 3 hat. 

24. Folie nach Anspruch 1 , bei der die Richtung eine Querrichtung ist. 

25. Folie nach Anspruch 1 , bei der die mehrschichtige Folie weniger als 5 % ungehinderte Schrumpf ung bei 90 °C in 
Querrichtung aufweist. 

26. Folie nach Anspruch 1, bei der die mehrschichtige Folie eine ungehinderte Schrumpf ung von weniger als 10 % 
bei 90 °C sowohl in Lauf- als auch in Querrichtung aufweist. 

27. Folie nach Anspruch 1 , bei der die gesamte Dicke der mehrschichtigen Folie zwischen 8 und 30 um (micrometer) 
betragt. 

28. Folie nach Anspruch 1 , bei der die gesamte Dicke der mehrschichtigen Folie zwischen 1 2 und 20 u.m (micrometer) 
betragt. 

29. Folie nach Anspruch 1 , bei der wenigstens die erste auBere Schicht Oder die Kernschicht zwischen 30 und 70 % 
der gesamten Dicke der mehrschichtigen Folie ausmacht. 

30. Folie nach Anspruch 27, bei der die Kernschicht zwischen 50 und 70 % der gesamten Dicke der mehrschichtigen 
Folie ausmacht. 

31. Folie nach Anspruch 27, bei der die erste auBere Schicht zwischen 50 und 70 % der gesamten Dicke der mehr- 
schichtigen Folie ausmacht. 

32. Folie nach Anspruch 1, bei der wenigstens eines der Copolymeren aus Ethylen und wenigstens einem C 3 -C 8 cc- 
Olefin, ein Copolymeres aus Ethylen und einem C 6 -C 8 a-Olefin enthalt. 

33. Folie nach Anspruch 1, bei der wenigstens eines der Copolymeren aus Ethylen und wenigstens einem C 3 -C 8 a- 
Olefin, ein Copolymeres aus Ethylen und 1-Okten enthalt. 
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34. Folie nach Anspruch 1 , bei der wenigstens die erste auRere Schicht und die Kernschicht wenigstens ein Copoly- 
mers aus Ethylen und 1 -Okten enthalt, wobei wenigstens 75 Gew.-% der Polymereinheiten von Ethylen abgeleitet 
sind und die Dichte weniger als 0,915 g/cm 3 betragt. 

35. Folie nach Anspruch 1 , bei der das Copolymere der ersten auBeren Schicht und der Kernschicht mit einem 
Schmelzpunkt von wenigstens 90 °C ein Copolymeres aus Ethylen und 1 -Okten enthalt. 

36. Folie nach Anspruch 1, bei der die Kernschicht zu wenigstens 40 Gew.-% aus diesem Copolymeren besteht. 

37. Folie nach Anspruch 1 , bei der das Copolymere der Kernschicht zu wenigstens 70 Gew.-% aus diesem Copoly- 
meren besteht. 

38. Folie nach Anspruch 3, bei der die Kernschicht wenigstens 60 Gew.-% des Copolymeren mit einem Schmelzpunkt 
von wenigstens 90°C und <, 40 Gew.-% des zweiten Copolymeren enthalt. 

39. Folie nach Anspruch 2, bei der die erste auBere Schicht wenigstens 60 Gew.-% des Copolymeren mit einem 
Schmelzpunkt von wenigstens 90 °C und £ 40 Gew.-% des zweiten Copolymeren enthalt. 

40. Folie nach Anspruch 1 , bei der die zweite auBere Schicht wenigstens 70 Gew.-% des ersten Copolymeren enthalt. 

41 . Folie nach Anspruch 1 , bei der die zweite auBere Schicht weniger als 30 Gew.-% des zweiten Copolymeren enthalt. 

42. Folie nach Anspruch 1, bei der die zweite auBere Schicht zwischen 70 und 85 Gew.-% des ersten Copolymeren 
und etwa 15 bis 30 Gew.-% des zweiten Copolymeren enthalt. 

43. Folie nach Anspruch 9, bei der das Copolymere aus Propyten und Ethylen, dessen Polymereinheiten wenigstens 
zu 80 Gew.-% von Propylen abgeleitet sind, in der Kernschicht in einer Menge zwischen 2 und 15 Gew.-% der 
Kernschicht vorliegt. 

44. Folie nach Anspruch 9, bei der das Copolymere aus Propylen und Ethylen, dessen Polymereinheiten wenigstens 
zu 80 Gew.-% von Propylen abgeleitet sind, einen Schmelzpunkt von wenigstens 130 °C hat. 

45. Folie nach Anspruch 10, bei der das Copolymere aus Propylen und Ethylen, dessen Polymereinheiten zu wenig- 
stens 80 Gew.-% von Propylen abgeleitet sind, einen Schmelzpunkt von wenigstens 130 °C hat. 

46. Folie nach Anspruch 1 , bei der das Copolymere der Kernschicht einen Schmelzpunkt hat, der wenigstens 30 °C 
hoher liegt als der Schmelzpunkt (i) eines Polymeren oder einer Polymerkombination der ersten auBeren Schicht, 
deren Polymerc oder Polymerkombination wenigstens 80 Gew.-% der ersten auBeren Schicht ausmacht, und (ii) 
eines Polymeren oder einer Polymerkombination der zweiten auBeren Schicht, deren Polymer oder Polymerkom- 
bination wenigstens 80 Gew.-% der zweiten auBeren Schicht ausmacht. 

47. Folie nach Anspruch 1 , bei der das Copolymere der ersten auBeren Schicht einen Schmelzpunkt hat, der wenig- 
stens 30 °C hoher liegt als der Schmelzpunkt (i) eines Polymeren oder einer Polymerkombination in der ersten 
Kernschicht, deren Polymer oder Polymerkombination wenigstens 80 Gew.-% der Kernschicht ausmacht, und (ii) 
eines Polymeren oder einer Polymerkombination der zweiten auBeren Schicht, deren Polymeres oder deren Po- 
lymerkombination wenigstens 80 Gew.-% der zweiten auBeren Schicht ausmacht. 

48. Folie nach Anspruch 1, bei der das Copolymere der Kernschicht einen Schmelzpunkt uber 110 °C hat. 

49. Folie nach Anspruch 1 , bei der das Copolymere der ersten auBeren Schicht einen Schmelzpunkt uber 110 °C hat. 

50. Folie nach Anspruch 20, bei der das Copolymere der ersten auBeren Schicht mit einem Schmelzpunkt von we- 
nigstens 90 °C einen Schmelzpunkt uber 110 °C hat. 

51. Fotie nach Anspruch 21 , bei der das Copolymere der Kernschicht mit einem Schmelzpunkt von wenigstens 90 °C 
einen Schmelzpunkt uber 110 °C hat. 

52. Folie nach Anspruch 1 , bei der das Copolymere der ersten auBeren Schicht einen Schmelzpunkt zwischen 90 und 
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110 °C hat. 

53. Folie nach Anspruch 1 , bei der das Copolymere der Kemschicht einen Schmelzpunkt zwischen 90 und 11 0 °C hat. 

54. Folie nach Anspruch 1 , bei der das erste Copolymere der zweiten auBeren Schicht einen Schmelzpunkt zwischen 
90 und 95 °C hat. 

55. Folie nach Anspruch 1 , bei der das zweite Copolymere der zweiten auBeren Schicht einen Schmelzpunkt hat, der 
£ 50 °C und <, 80 °C ist. 

56. Folie nach Anspruch 1, bei der die Folie poly(vinylchlorid)frei ist und eine bleibende Verformung von weniger als 
5,0 % sowohl in Arbeits- als auch in Querrichtung hat. 

57. Folie nach Anspruch 1 , bei der die Folie poly(vinylchlorid)frei ist und eine bleibende Verformung von weniger als 
is 4,0 % in wenigstens einer Richtung hat. 

58. Folie nach Anspruch 1, bei der die erste auBere Schicht zusatzlich ein Schleierverhutungsmittel in einer Menge 
bis zu 4 Gew.-%, bezogen auf diese Schicht, enthalt. 

20 59. Folie nach Anspruch 1, bei der die Kemschicht zusatzlich ein Schleierverhutungsmittel in einer Menge bis zu 4 
Gew.-%, bezogen auf diese Schicht, enthalt. 

60. Folie nach Anspruch 1, bei der sowohl die erste auBere Schicht als auch die Kemschicht jeweils zusatzlich ein 
Schleierverhutungsmittel in einer Menge bis zu 4 Gew.-%, bezogen auf die jeweilige Schicht, enthalt. 

25 

61. Folie nach Anspruch 1 , bei der das Schleierverhutungsmittel ein nichtionisches oberflachenaktives Mittel in einem 
Polyolefintrager enthalt. 

62. Folie nach Anspruch 1 , bei der die erste auBere Schicht im wesentlichen aus dem Copolymeren besteht, das mit 
30 o bis 10 Gew.-% eines Schleierverhutungsmittels und 0 bis 10 Gew.-% eines Gleitmittels vermischt ist. 

63. Folie nach Anspruch 1 , bei der die erste und zweite auBere Schicht jeweils zusatzlich ein darin vermischtes Gleit- 
mittel enthalten. 

35 64. Folie nach Anspruch 1 , bei der die Folie eine Trubung von weniger als 5,0 % hat. 

65. Folie nach Anspruch 1 , bei der die Folie eine Trubung von weniger als 3,0 % hat. 

66. Folie nach Anspruch 1, bei der die Folie bei 45° einen Glanz aufweist, der groBer als 70 Hunter-Einheiten ist. 

67. Folie nach Anspruch 1, bei der die Folie bei 45° einen Glanz aufweist, der uber 80 Hunter-Einheiten ist. 
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68. Folie nach Anspruch 1 , bei der die Folie einen WarmekontaktschweiBbereich von wenigstens 1 6° C mit einer Durch- 
brenntemperatur von wenigstens 125 °C hat. 

69. Folie nach Anspruch 1, die durch Bestrahlung quervernetzt ist. 

70. Folie nach Anspruch 1, die im wesentlichen nicht quervernetzt ist. 

Revendlcations 

1. Film flexible multicouche en polyolefine ayant au moins trois couches comprenant : 

ss une premiere couche externe comprenant au moins un copolymere d'ethylene et d'au moins une alpha-olefine 

en C 3 a C 8 , au moins 75 % en poids des motifs polymere de ce copolymere etant derives d'ethylene, et ce 
copolymere ayant une masse volumique d'au moins 0,900 g/cm 3 et infeYieure a 0,91 5 g/cm 3 , et ayant un point 
de fusion d'au moins 90°C ; 



41 



EP0 687 558 B1 



une couche centrale comprenant au moins un copolymere d'ethylene et d'au moins une alpha-oiefine en C 3 
a C 8 , au moins 75 % en poids des motifs polymere de ce copolymere etant d6riv6s d'ethylene, et ce copolymere 
ayant une masse volumique d'au moins 0,900 g/cm 3 et inferieure a 0,915 g/cm 3 , et ayant un point de fusion 
d'au moins 90°C ; et 

5 une seconde couche externe comprenant un melange (a) d'un premier copolymere d'ethylene et d'au moins 

une alpha-oiefine en C 3 a C 8 , au moins 75 % en poids des motifs polymere de ce premier copolymere etant 
derives d'ethylene et ce copolymere ayant une masse volumique inf eneure a 0,91 5 g/cm 3 et un point de fusion 
d'au moins 90° C, et (b) d'un second copolymere d'ethylene et d'au moins une alpha-oiefine en C 3 a C 8 , au 
moins 75 % en poids des motifs polymere de ce second copolymere etant derives d'ethylene et ce copolymere 

10 ayant une masse volumique inferieure a 0,900 g/cm 3 et un point de fusion inferieur a 80° C ; la couche centrale 

etant disposee entre les premiere et seconde couches externes et le film multicouche ayant moins de 10 % 
de retrait libre a 90°C dans au moins une direction. 

2. Film tel que defini dans la revendication 1 , dans lequel la premiere couche externe comprend un melange du 
is copolymere en question avec un second copolymere d'ethylene et d'au moins une alpha-oiefine en C 3 a C 8 , au 

moins 75 % en poids des motifs polymere de ce second copolymere etant derives d'ethylene et ce second copo- 
lymere ayant une masse volumique inferieure a 0,900 g/cm 3 et un point de fusion inferieur a 80°C. 

3. Film tel que d6fini dans la revendication 1 , dans lequel la couche centrale comprend en outre un second copolymere 
20 d'ethylene et d'au moins une apha-oiefine en C 3 a C 8 , ce second copolymere comprenant au moins 75 % en poids 

de motifs polymere d6riv6s d'ethylene et ayant une masse volumique inferieure a 0,900 g/cm 3 et un point de fusion 
inferieur a 80°C dans un melange avec le copolymere indique ayant un point de fusion d'au moins 90°C. 

4. Film tel que defini dans la revendication 1 , dans lequel le copolymere de la couche centrale comprend au moins 
25 80 % en poids de motifs polymere derives d'ethylene. 

5. Film tel que defini dans la revendication 1, dans lequel le premier copolymere de la seconde couche externe 
comprend au moins 80 % en poids de motifs polymere derives d'ethylene. 

30 6. Film tel que defini dans la revendication 1 , dans lequel le second copolymere de la seconde couche externe 
comprend au moins 80 % en poids de motifs polymere derives d'ethylene. 

7. Film tel que defini dans la revendication 1 , dans lequel le copolymere de la premiere couche externe comprend 
au moins 80 % en poids de motifs polymere derives d'ethylene. 

35 

8. Film tel que defini dans la revendication 2, dans lequel le second copolymere de la premiere couche externe 
comprend au moins 80 % en poids de motifs polymere derives d'ethylene. 

9. Film tel que defini dans la revendication 2, dont la premiere couche externe comprend un copolymere de propylene 
40 et d'ethylene ayant au moins 80 % en poids de motifs polymere derives de propylene. 

10. Film tel que defini dans la revendication 3, dont la couche centrale comprend en outre un copolymere de propylene 
et d'ethylene ayant au moins 80 % en poids de motifs polymere derives de propylene. 

45 11. Film tel que defini dans la revendication 1 , dans lequel la premiere couche externe comprend une couche interne 
d'un tube. 

12. Film tel que defini dans la revendication 1, qui consiste en un tube souffle. 

so 13. Film tel que defini dans la revendication 1, dans lequel le ou les copolymers de la premiere couche externe 
constrtue(nt) au moins 70 % en poids de la premiere couche externe. 

14. Film tel que defini dans la revendication 1 , dans lequel le ou les copolymers de la couche centrale constitue(nt) 
au moins 85 % en poids de cette couche centrale. 

55 

15. Film tel que defini dans la revendication 1, dans lequel le copolymere de la couche centrale constitue au moins 
90 % en poids de cette couche centrale. 
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16. Film tel que defini dans la revendication 1 , qui se compose essentiellement de trois couches dont les premiere et 
seconde couches externes adherent directement a des cot6s opposes de la couche centrale. 

17. Film tel que defini dans la revendication 1 , dans lequel le copolymere de la premiere couche externe a una distri- 
s button etroite de poids moleculaire moyen, Mp/M n , inferieure a 3. 

18. Film tel que defini dans la revendication 1, dans lequel le copolymere de la couche centrale a une distribution 
etroite de poids moleculaire moyen, Mp/M n , inferieure a 3. 

10 19. Film tel que defini dans la revendicaiton 1, dans lequel Tune au moins de la premiere couche et de la couche 
centrale comprend un melange (i) d'un copolymere d'ethylene et d'alpha-ol6fine ayant une distribution etroite de 
poids moleculaire moyen fflp/ffl n inferieure a 3 et (ii) d'un copolymere d'ethylene et d'alpha-olefine ayant une 
distribution de poids moleculaire moyen, Mp/M n , au moins egale a 3. 

is 20. Film tel que d6fini dans la revendication 2, dans lequel le copolymere ayant un point de fusion d'au moins 90° C 
de la premiere couche externe a une distribution de poids moleculaire moyen Mp/M n , au moins egale a 3, et le 
second copolymere du melange de la premiere couche externe a une distribution de poids moleculaire moyen Mp/ 
Kfl n , inferieure a 3. 

20 21. Film tel que defini dans la revendication 3, dans lequel le copolymere ayant un point de fusion d'au moins 90°C 
de la couche centrale a une distribution de poids moleculaire moyen, Mp/M n , au moins egale a 3 et lesecond 
copolymere du melange formant la couche centrale a une distribution de poids moleculaire moyen, Mp/M ft , infe- 
rieure a 3. 



25 22. Film tel que defini dans la revendication 1 , dans lequel les premier et second copolmyeres de la seconde couche 
externe ont tous deux une distribution etroite de poids moleculaire moyen, Mp/M n , inferieure a 3. 

23. Film tel que defini dans la revendication 1 , dans lequel les premier et second copolymeres de la seconde couche 
externe ont des distributions differentes de poids moleculaire moyen, Tun des copolymeres ayant une distribution 

30 Mp/M n inferieure a 3 et I'autre copolymere ayant une distribution Mp/M n superieure ou egale a 3. 

24. Film tel que defini dans la revendication 1, dans lequel la direction concernee est une direction transversale. 

25. Film tel que defini dans la revendication 1 , qui est un film multicouche ayant un retrait lib re inferieur a 5 % a 90° C 
35 dans la direction transversale. 

26. Film tel que defini dans la revendication 1 , qui est un film multicouche ayant un retrait libre inferieur a 10 % a 90° C 
dans la direction longitudinale et dans la direction transversale. 

40 27. Film tel que defini dans la revendication 1 , ayant une epaisseur totale de film multicouche comprise entre 8 et 30 
\im (micrometres). 

28. Film tel que defini dans la revendication 1 , ayant une epaisseur totale de film multicouche comprise entre 12 et 
20 ujti (micrometres). 

45 

29. Film tel que defini dans la revendication 1, ayant une epaisseur totale de film multicouche dont une au moins de 
la premiere couche externe et de la couche centrale constitue entre 30 et 70 %. 

30. Film tel que defini dans la revendication 27, ayant une epaisseur totale de film multicouche dont la couche centrale 
50 constitue entre 50 et 70 %. 

31. Film tel que defini dans la revendication 27, ayant une epaisseur totale de film multicouche dont la premiere couche 
externe constitue entre 50 et 70 %. 

55 32. Film tel que defini dans la revendication 1 , dans lequel Tun au moins des copolymeres d'ethylene et d'au moins 
une alpha-oiefine en C 3 a C 8 comprend un copolymere d'ethylene et d'une alphaoiefine en C 6 a C 8 . 

33. Film tel que defini dans la revendication 1, dans lequel Tun au moins des copolymeres d'ethylene et d'au moins 
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une alpha-olefine C 3 a C 8 comprend un copolym6re d'ethylene et d'octfene-1 . 

34. Film tel que defini dans la revendication 1, dans lequel i'une au moins de la premiere couche externe et de la 
couche centrale contient au moins un copolym^re d'6thylene et d'octene-1 dont au moins 75 % en poids des motifs 

5 polymere sont d6riv6s d'6thyl£ne et qui a une masse volumique inf6rieure a 0,915 g/cm 3 . 

35. Film tel que d6fini dans la revendication 1, dans lequel le copolymdre ayant un point de fusion d'au moins 90°C 
de I'une au moins de la premiere couche extern e et de la couche centrale comprend un copolymere d'&hylene et 
d'octdne-1 . 

10 

36. Film tel que d6fini dans la revendication 1 , dans lequel la couche centrale est constitute d'au moins 40 % en poids 
du copolymfcre en question. 

37. Film tel que dSfini dans la revendication 1, dans lequel le copolymere de la couche centrale constitue au moins 
15 70 % en poids du copolymfere en question. 

38. Film tel que defini dans la revendication 3, dans lequel la couche centrale comprend au moins 60 % en poids du 
copolyme-re ayant un point de fusion d'au moins 90° C et comprend une proportion 6gale ou inf£rieure a 40 % en 
poids du second copolymere. 

20 

39. Film tel que d6fini dans la revendication 2, dans lequel la premiere couche externe comprend au moins 60 % en 
poids du copolymers ayant un point de fusion d'au moins 90°C et comprend une proportion egale ou interieure a 
40 % en poids du second copolymere. 

25 40. Film tel que defini dans la revendication 1 , dans lequel la seconde couche externe comprend au moins 70 % en 
poids du premier copolymere. 

41. Film tel que defini dans la revendication 1, dans lequel la seconde couche externe comprend moins de 30 % en 
poids du second copolymere. 

30 

42. Film tel que defini dans la revendication 1 , dans lequel la seconde couche externe comprend entre 70 et 85 % en 
poids du premier copolymere et environ 15 a 30 % en poids du second copolymere. 

43. Film tel que d6fini dans la revendication 9, dans lequel le copolyme-re de propylene et d'ethylene dont au moins 
35 80 % en poids des motifs polymere sont d6riv6s de propylene, est present dans la couche centrale en une quantity 

comprise entre 2 et 15 % en poids de cette couche centrale. 

44. Film tel que defini dans la revendication 9, dans lequel le copolymere de propylene et d'ethylene dont au moins 
80 % en poids des motifs polymere sont derives de propylene, a un point de fusion d'au moins 130°C. 

40 

45. Film tel que defini dans la revendication 10, dans lequel le copolymere de propylene et d'ethylene dont au moins 
80 % en poids des motifs polymere sont d6riv6s de propylene, a un point de fusion d'au moins 1 30°C. 

46. Film tel que defini dans la revendication 1 , dans lequel le copolyme-re de la couche centrale a un point de fusion 
45 superieur d'au moins 30° C au point de fusion (i) de tout polymere ou toute association de polym&res dans la 

premiere couche externe qui constitue, ou qui constituent en association, au moins 80 % en poids de la premiere 
couche externe et (ii) de tout polymere ou toute association de polymfcres dans la seconde couche externe qui 
constitue, ou qui constituent en association, au moins 80 % en poids de la seconde couche externe. 

so 47. Film tel que defini dans la revendication 1 , dans lequel le copolymere de la premiere couche externe a un point 
de fusion superieur d'au moins 30°C au point de fusion (i) de tout polymere ou toute association de polymferes 
dans la premiere couche externe qui constitue, ou constituent en association, au moins 80 % en poids de la couche 
centrale et (ii) de tout polymere ou toute association de polymfcres dans la seconde couche externe qui constitue, 
ou constituent en association, au moins 80 % en poids de la seconde couche externe. 

55 

48. Film tel que defini dans la revendication 1 , dans lequel le copolymere de la couche centrale a un point de fusion 
superieur a 110°C. 
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49. Film tel que defini dans la revendication 1, dans lequel le copolymere de la premiere couche externe a un point 
de fusion superieur a 110°C. 

50. Film tel que d6fini dans la revendication 20, dans lequel le copolymere ayant un point de fusion d'au moins 90°C 
s de la premiere couche externe a un point de fusion superieur a 110°C. 

51. Film tel que d6fini dans la revendication 21 , dans lequel le copolymere ayant un point de fusion d'au moins 90°C 
de la couche centrale a un point de fusion sup6rieur a HO^C. 

10 52. Film tel que defini dans la revendication 1, dans lequel le copolymere de la premiere couche externe a un point 
de fusion compris entre 90 et 110°C. 

53. Film tel que defini dans la revendication 1, dans lequel le copolymere de ia couche centrale a un point de fusion 
compris entre 90 et 11 0°C. 

15 

54. Film tel que defini dans la revendication 1 , dans lequel le premier copolymere de la seconde couche externe a un 
point de fusion compris entre 90 et 95°C. 

55. Film tel que d6fini dans la revendication 1 , dans lequel le second copolymere de la seconde couche externe a un 
20 point de fusion superieur ou 6gal a 50°C et interieur ou 6gal a 80°C. 

56. Film tel que defini dans la revendication 1 , qui est un film exempt de poly(chlorure de vinyle) et qui a une deformation 
permanente inferieure a 5,0 % dans les deux directions longitudinals et transversale. 

2S 57. Film tel que defini dans la revendication 1 , qui est exempt de poly(chlorure de vinyle) et qui a une deformation 
permanente inferieure a 4,0 % dans au moins une direction. 

58. Film tel que d6fint dans la revendication 1 , dans lequel la premiere couche externe comprend en outre un agent 
antivoile en une quantite allant jusqu'a 4 % en poids de cette couche. 

30 

59. Film tel que d6fini dans la revendication 1, dans lequel la couche centrale comprend en outre un agent antivoile 
en une quantite allant jusqu'a 4 % en poids de cette couche. 

60. Film tel que d6fini dans la revendication 1 , dans lequel la premiere couche externe et la couche centrale compren- 
35 nent chacune, en outre, un agent antivoile en une quantity allant jusqu'a 4 % en poids sur la base du poids de 

chaque couche respective. 

61. Film tel que d6fini dans la revendication 1 , dans lequel I'agent antivoile comprend un agent tensio-actif non ionique 
dans un vehicule polyoldfinique. 

40 

62. Film tel que d6fini dans la revendication 1 , dans lequel la premiere couche externe est essentiellement constitute 
du copolymere en melange avec 0 a 10 %, par rapport au poids de la couche, d'un agent antivoile et 0 a 10 %, 
par rapport au poids de la couche, d'un agent de glissement. 

45 63. Film tel que d6fini dans la revendication 1, dans lequel les premiere et seconde couches externes comprennent 
en outre un agent de glissement qui y est incorpote. 

64. Film tel que d6fini dans la revendication 1 , ce film ayant un voile interieur a 5,0 %. 

so 65. Film tel que d6fini dans la revendication 1 , ce film ayant un voile interieur a 310 %. 

66. Film tel que defini dans la revendication 1 , ce film ayant un brillant a 45° d'au moins 70 unites Hunter. 

67. Film tel que d6fini dans la revendication 1 , ce film ayant un brillant a 45° superieur a 80 unites Hunter. 

55 

68. Film tel que dtfini dans la revendication 1, qui a une plage de thermosoudage a la barre chauffante d'au moins 
16°C avec une temperature de percee a la combustion d'au moins 125°C. 
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69. Film tel que defini dans la revendication 1, qui est reticule par irradiation. 

70. Film tel que defini dans la revendication 1 , qui est sensiblement non reticule. 
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